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Ke. GENERAL DESCRIPTION OF AIR MONITORING PROGRAM 


Radian Corporation, under contract to the C-b Oil 
Shale Project, is performing the data compilation and reporting 
of air quality and meteorological data at one monitoring site 
in Northwest Colorado. The site measures and records concen- 
trations of particulates, sulfur dioxide, oxides of nitrocen, 
hydrogen sulfide, total hydrocarbons, methane, and carbon mon- 
oxide. A 200-foot meteorological tower provides wind direction, 
wind speed, temperature, and relative humidity data at four 
levels (8, 30, 100, and 200 feet). Other meteorological variables 
measured at the tower site are insolation, barometric pressure, 


and precipitation. 
Figure I shows the configuration of the monitoring 


station. The station provides a sturdy and protective covering 


for the monitoring equipment. 
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A. Air Quality Instrumentation 


Nitrogen oxides are measured with a Meloy Model NA520 
analyzer. This dual-channel analyzer is based on the chemilu- 
minescent principle and continuously monitors both NO, and NO. 
A subtraction circuit in the instrument provides a continuous 
NO, output, but is not used in Radian's system. NO2 is cal- 
culated once a second by the computer by subtracting the NO 
value from the NO, value, thus avoiding any drift which might 
occur in the NO2 output of the instrument. This instrument has 
a minimum detectable sensitivity of 5 ppb (parts per billion), 
andia linearity of-217: 


Both sulfur dioxide and hydrogen sulfide are measured 
with Meloy Model SA185 sulfur analyzers. The hydrogen sulfide 
analyzer uses a Meloy Model NO,-1 sulfur dioxide scrubber and 
the sulfur dioxide analyzer uses a Meloy Model H2S-1 hydrogen 
sulfide scrubber. The Model SA185 is a continuous analyzer and 
utilizes the flame photometric principle of operation. The _ 
minimum detectable sensitivity is 5 ppb and the linearity of +1%. 


Ozone is measured with a Meloy Model 0A350 analyzer. 
This instrument provides continuous measurement of ozone and is 
based on the chemiluminescent principle. The minimum detectable 


sensitivity is 0.5 ppb and the linearity is 417%. 


Total hydrocarbons, methane, and carbon monoxide are 
monitored with a Bendix Model 8200 gas chromatograph analyzer. 
This instrument uses a plume ionization detector and has a 
minimum detectable sensitivity of 5 ppb for all three components. 
The Model 8200 works on a five-minute cycle, i.e., one air 
sample is analyzed every five minutes, and the result is dis- 


played for five minutes via a sample and hold circuit. 


) 
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The air sample is drawn in through a glass cane and 
manifold supplied by the Ace Glass Company. The system has a 
25mm diameter, and a constant air flow through the system is 
provided by an air pump rated at 60 cfm at 0" head pressure. 
The manifold has sampling ports to which 1/4" teflon lines to 
the instrument are connected. All joints in the sampling system 
are secured by O-ring compression fittings. The manifold is 
contained in a heated (100°F) chamber to prevent condensation of 
moisture. The teflon lines from the manifold to the instruments 


are insulated with 1/8" wall thickness rubber tubing. 


The trailer has four heavy duty high volume particu- 
late samplers (Hi-Vols). Fiberglass filter paper is used for 
collection of particulate samples and each filter is brought 
to a controlled humidity before weighing. Each Hi-Vol has a 
flow recorded to permit correction for changes in air flow as 
the filter becomes loaded with particulates. Each Hi-Vol runs 
for a 24-hour period (midnight to midnight) and is turned on 
and off by the computer. The Hi-Vols were designed following 
guidelines recommended by the Envircenmental Protection Agency 
and were manufactured by Radian. 


In addition to the normal Hi-Vol particulate samples, 
a duplicate Hi-Vol sample is collected every sixth day on 
special filter paper for trace element analysis. Once each 
quarter these samples are composited and analyzed for gross 


radioactivity and trace element content. 

B. Calibration Procedures 

The trailer contains a Meloy Model RAD-1 calibration 
unit. This instrument provides a zero air supply, SO2 span gas 


trom an SO, permeation tube, and NO span gas obtained by precisely 


diluting bottled NO span gas. The calibration of all instruments 
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is automatically performed once a day and is controlled by the 
computer. Each instrument is first switched to zero; the conm- 
puter monitors the output of each channel and takes a new zero 
reading after a stable zero signal has been reached. This zero 
reading is compared by the computer to the zero reading obtained 
24 hours before, and if a drift in excess of 10 ppb has occurred, 
an excess zero drift light for the channel in question is turned 
on on the System Status Panel. Next, span gas is supplied to each 
channel and the computer decides when a stable span value has been 
reached. This value is recorded and compared to the previous day's 
value. “An excess span drift light’on the System Status Panel gs 
turned on if a drift exceeding 10 ppb occurs. The instruments are 
then returned to the monitor mode and after two minutes the com- 


puter resumes data taking. 


The bottled NO gas used at each site was obtained from 
Precision Gas Products. Pre-purified grade hydrogen is used in 
the SO, analyzers. 


The SO, permeation tubes were manufactured by Metronics 
Association, Inc. Their output has been verified by comparison 
to the output of National Bureau of Standards tube 10-42. Both 
SA185 analyzers in each trailer are calibrated with the SO. from 
the permeation tube. This instrument responds to the number of 
sulfur atoms per molecule; thus, SO. can be used to calibrate 
both the H,S and SO, monitors. 


The Model 0A350 ozone analyzer has its own calibration 
system which provides a zero check and a span check. The ozone 
calibration system is verified by comparison to a calibrated 


ozone generator maintained in Radian's laboratory in Rifle. 
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The Model 8200 total hydrocarbon, methane, and carbon 
monoxide analyzer is calibrated with undiluted span gas obtained 
from AirCo's Rare and Specialty Gas Division. This span gas con- 
tains methane and carbon monoxide in air, the methane being used 
to calibrate both the total hydrocarbon channel and the methane 
channel. The Model 8200 is zeroed with air from a Bendix Model 
8834 zero air unit. In addition, the instrument is electronically 


re-zeroed at the start of every five-minute cycle. 


The Hi-Vol particulate samplers were calibrated using 


a Calibration Kit from General Metal Works. 


C. Data Acquisition System 


The basis of the data acquisition system is a Data 
General NOVA 1200 minicomputer. The NOVA, which has a basic cycle 
time of 1.2 usec, is equipped with automatic program load and 
power fail/automatic restart features. The computer utilizes 
16K 16-bit words of core memory. Analog-to-digital conversion 
is accomplished via an ADC built by Radian Corporation. The 
input/output unit for the system is Texas Instrument's KSR 733 
keyboard/printer. This model teletype provides keyboard entry 
and hard copy printed output. The data are also recorded on a 
cassette magnetic tape umit with three drives.. The cassette 
unit is utilized for program storage and loading as well as re- 
cording. To reduce wear on mechanical parts, the power to the 
teletype and cassette units is turned on only when the unit(s) is 
(are) to be used. Several important functions in the instruments 
as well as in the computer and the trailer are monitored by means 
of lights on a System Status Panel. These data lights are written 
onto cassette tape to monitor the complete status of the system 
every five minutes. The Data Acquisition System also monitors 
the presence of 100V power from the power lines. In its absence, 


the computer, which is powered by batteries, switches all trailer 
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systems to battery-provided power. If the line voltage is 
restored before the batteries are discharged to a specified 


level, the trailer system is switched back to line power. 


Dp. Meteorological Instrumentation 


200-Foot Meteorological Tower 


The tower has instrumentation at four levels: 8 feet, 
30 feet, 100 feet, and 200 feet. At all four levels, there are: 
wind speed, wind direction, and temperature and relative humidity 
sensors in a power-aspirated radiation shield. Temperature 
difference thermistors (also in power-aspirated radiation shields) 
and their associated circuitry take lapse rate measurements for 
the 30-foot to 100-foot layer and the 30-foot to 200-foot layer. 
In addition, this site has a Precision Spectral Pyranometer, a 
barometer, and a tipping bucket rain/snow gage. 


The wind direction and speed apparatus used at each 
Measurement level of the tower is the Model 1074-2 wind sensor 
by Meteorological Research, Inc. (MRI). This sensor has a 540° 
potentiometer for wind direction and a light chopper for wind 
speed. This sensor is rugged, with an all-weather coaxial cup 
and damped vane assembly. The prototype model has been in 
operation for years under the most demanding weather conditions, 
performing continuously with the utmost reliability. All of 
the wind sensors on the tower have been specially treated with a 
black paint which will promote warming of the exposed surfaces 
of the sensor and thereby reduce ice and snow accumulations on 
the moving parts of the apparatus. The specifications on the 
Model 1074-2 are as follows: 
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Wind Speed 


; Stantineg Ihreshold:-"0775 mpm 
. Response Distance: 18 feet (63% recovery). 
. tlow Coeftverent: 7.9 feet/Revolution. 


. Aceuracy: £0.44 mph or 1% (whichevervis greater) . 
Wind Direction 


~ Starcing threshold: 0.75 mph. 

. Delay Distance: 4 feet (50% recovery). 
. Damping Rarcio-= “0.5 coro .6- 

7 Accuracy (540° system): +1%. 

ee Ratees = 0 “roe 540>- 


The relative humidity and temperature sensors are 
mounted within a power-aspirated radiation shield at each tower 
level. All aspirators and sensors are of the Model 840 Series 
by MRI. The aspirated shielded housing is designed to provide 
maximum radiation protection to the sensor. Ambient air is 
drawn into the shield and across the sensors at approximately 
15 feet per second. This intake air is essentially sampled 
from a hemispherical space which is approximately 3-inch radius 
from the tube opening. Speed of the incoming air at the periphery 
of this hemisphere is approximately 1 mph. 


The temperature sensor is comprised of a dual thermistor 
and resistor network. This circuit provides a linear resistance 
change with an air temperature change. The relative humidity 
sensor is placed alongside the temperature elements inside the 
shield where it is exposed to a constant flow of air. Circulation 
to both sides of the sensing element produces accurate monitoring 
with a good response time. The specifications on the sensing ele- 
ments are as follows: 
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Temperature 


. Accuracy; +£0.25°C: 
wookanges\ 550°Chto +50 6. 


Humidity 


. Accuracy: =3.,0,-Rhe 
- Range: 0% to 100% Relative Humidity. 


Measurements of temperature difference are taken for 
two layers, the 30-foot to 100-foot and the 30-foot to 200-foot 
layer. Tne thermistors and circuitry used for these measurements 
are separate from the thermistors measuring air temperature. The 
use of separate thermistors and circuitry to measure AT allows 
for much greater accuracy and resolution in the measurements, 
which is necessary for stability assessments. Two AT thermistors 
are at the 30-foot level, one is at the 100-foot level, and one 
is at the 200-foot level. All of these AT thermistors are mounted 
within power-aspirated radiation shields. The specifications on 
the AT instrumentation are as follows: 


. v Accuracy: 40. 1° C, 
. Range of T Circuit (Lower Level-Upper Level): 
+9F° to -9F°. 


All instrumentation, except at the ground level, is 
mounted at the end of 12-foot retractable booms. These booms 
are 3-inch box beams which are on rollers and can be retracted 


to the instrument platforms for instrument maintenance. 
The meteorological tower itself is a 200-foot Rohn 


Model 80 Guyed Tower, designed for 40 pounds per square foot 
wind load with %"" of radial ice per EIA Standand RS-222-8 co 
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support four levels of meteorological equipment. The material 
consists of tower sections with a tapered base, three retractable 
booms 12-feet long, three outside work platforms, an inside 
ladder for climbing, two base ground kits and one anchor ground 
kit. The cable-type Safety Climbing Device consists of a cable 
and attachment mechanisms with a locking sleeve and safety belt. 


The tower is lighted and painted according to FAA specifications. 


The signals from the tower instrumentation are fed 
from multiple signal cables into transmitters mounted at the base 
of the tower. After signals have been converted to analog 
signals, they are fed into a junction box, also at the tower 
base, where they are assimilated into one coaxial cable. The 
signals are then run underground within 3" PVC conduit to the 
A-to-D assembly, where they are processed. The transmitters are 
shielded and insulated from the elements. The signal cable is 
run underground in PVC conduit in order to minimize damage from 


the weather or various rodents in the region. 


The auxiliary equipment at the tower site consists of 
a heated tipping bucket rain/snow gage, an analog barometer, 
and a Precision Spectral Pyranometer. The rain/snow gage is the 
Model P511-E unit by Weather Measure. In the case of this gage, 
the durability and reliability of a tipping bucket gage are 
combined with heavy-duty electric heaters to make this an all- 
purpose precipitation sensor. This gage may be used to measure 
snowfall and rainfall. An insulating cover of poly-vinyl chloride 
and a thermostatic control insure the proper gage temperature. 
ine chermmostatie control is adjustable from: O to 35° 6G. Snow 
falling into the inlet funnel is melted. The resulting water 
(from rain or snow) drains into a precision tipping bucket 
mechanism which activates a mercury switch each time the bucket 
fills and tips. The gage is constructed of durable corrosion- 


resistant materials to provide many years of service. The 
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specifications for this gage are as follows: 


.  Gretfice: ” 6 mekes. 

« » Galibration?- 0-0F «ine. 

«, Accuracy: .0°5% (Calibrated ae 0. 5 *2n7neye 

« sensor: Chrome-plated tipping buckets. 

« owitch: Mercury, O-l-second closure: 

.  Heat.Control» ‘“Fhermostat adjustment, 70 ste 35° 6. 


The barometer is the B242 Analog Output Barometer by 
Weather Measure... This barometer provides an output voltage that 
is linearly proportional to pressure. The specifications on this 
instrument, which is mounted inside the monitoring trailer at the 
site, are as follows: 


. Range: Specially designed for the 100 millibar 
interval..from 7/25 millibars.to 825*miidebpers. 

«Resolution: Infinite. 

sooLinearity:; £0.5,millibar, over, the, 100 Umi Pipa 


intexval= 


The pyranometer at the site is the Eppley Precision 
Spectral Pyranometer. This instrument is used for the measure- 
ment of sun and sky radiation totally or in defined wavelength 
bands. The pyranometer is levelled and mounted atop a wooden 
stand 4% feet from the ground surface. Care has been taken to 
eliminate the effects from all outside influences, such as 
reflection or shadows, on the pyranometer. The instrument 


characteristics.are.as>. follows: 


* SCNSLELViEy. "5 mye per cal/em°/min. 

- Independence: 300 ohms. 

. Temperature dependence: Sensitivity constant to 
within +l percent over the ambient temperature 


range from -20 to +40°C. 
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. Linearity: Response linear up to intensities 
of, 4 c@al/,em?/ min. 
» Response time: 1 second (i/e signal). 


All instrumentation is factory-calibrated and is field- 
calibrated at various intervals. Sling psychrometers are used to 
calibrate the humidity sensors, known temperatures and/or resis- 
tances are used to calibrate the thermistors, and an rpm cali- 
brating unit is used to calibrate the anemometers. The wind 
direction instrumentation is aligned to true north (reference 


direction) by means of a surveyor's transit. 
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ag Bap MICROMETEOROLOGICAL AND TERRAIN FEATURES 


The Piceance Creek Valley and C-b Shale Oil Tract 
are situated such that many microscale meteorological pheno- 
mena affect the region where the ambient air monitoring unit 
is located. Trailer 023 and its associated 200-foot meteoro- 
logical tower are located atop a plateau to the south of the 
valley, high enough to be affected mostly by gradient flow con- 
Gicrons.. 


The elevation at the meteorological tower site 
(Trailer 023) is 6940 feet above sea level. The largest 
gradients in elevation in this area, of course, occur at the 
Piceance Creek Valley walls. However, the northern valley walls 
are slightly steeper than those at the southern boundary of the 
valley, which then slopes upward gradually toward the C-b Tract. 
The Piceance Creek Valley decreases in elevation from east to 
west in this area, so that nighttime katabatic cold-air drainage 
flows advect from east to west. 


Site 023 is approximately 2.5 miles south of the 
Piceance Creek Valley. This location is relatively high com- 
pared to its surroundings, with the nearest points having ele- 
vations greater than 7000 feet being .5 miles to the south of 
the tower. The tower itself is on the top of a small knoll 
located between Scandard and Sorghum Gulches. Because of its 
location and the irregularities of the surrounding terrain, 


meteorological patterns are varied here. 


Wind instrumentation is mounted at four levels of the 
meteorological tower: 8 feet, 30 feet, 100 feet, and 200 feet. 
The top level of the tower generally remains in gradient wind 


flow. That is, the winds at that level are normally generated 
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by synoptic-scale features and are usually separated from 
terrain features and micrometeorological circulations. 
Occasionally, a weak anabatic flow influence is experienced. 
However, such is not the case with the three lowest measurement 
levels. To varying degrees, these levels are influenced by both 
the katabatic and anabatic circulation cells. However, when 
strong pressure gradient forces exist in the region and the 
synoptic-scale wind flow is strong, all four tower levels will 
reflect a gradient wind flow, with the winds increasing in 


strength with increasing height. 


The terrain atop the plateau is: generally barren and 
fairly rugged, with a few scattered small trees. The topsoil 
dries rapidly and is very fine, resulting in blowing dust when 
dry, windy conditions exist. In the Piceance Creek Valley, the 
cerrain “is fairly rassy and! flat, \withesteep,»valley» walls.on 
either side. Surface winds are normally rather light in this 


valley unless channelling effects occur. 


During clear nights with rather light pressure gradient- 
induced winds, rapid radiational cooling will occur in the region 
because of the barren nature of the terrain and the generally 
dry character or Ehe air im this portion Gf the country. “As a 
result, the diurnal range of temperatures will be extremely 
large. Because of the katabatic flow in the valley, nighttime 
temperatures will generally be lower in the valley than on the 
plateau. During the winter, especially, temperatures in the 
valley may be 20°F lower than they are on the plateau during 
the early morning hours. 
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This section presents the operating statistics for 
each of the major subsystems contained in the monitoring station. 
Table IL shows the specific number of hours that each of these 
subsystems was inoperative for the month. The column labeled 
"DIGITIZING SYSTEM" indicates the entire data acquisition system; 
therefore, downtime hours appearing in this columm means total 
loss of data. These instances include, in addition to computer 
downtime, power failures, no power available, and self-automated 


shutdown periods such as during air conditioner malfunctions. 


Calibration time is not considered to be downtime and 
is, therefore, not included in the downtime figures. The amount 
of time used in calibrating the instruments is given at the 
bottom of the downtime analysis table and is reported as total 
calibration hours’ for’ each channel: (for, the, entire jmonth.)pAseEs 
evident in the calibration figures, channels can be calibrated 
independently of one another. No calibration time is given for 
particulate monitoring since Hi-Vol calibration occurs infre- 
quently and only during the off-duty cycle for each Hi-Vol 


while another Hi-Vol is taking data. 
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V. MONTHLY METEOROLOGICAL SUMMARY 


A= + Summarys of« the Meteorological Conditions over 


North America during December 1976 

December 1976 brought colder than normal temperatures 
to all sections of the United States east of the Continental 
Divide. Monthly precipitation totals were much below normal in 
the western United States. The southeastern United States 
experienced slightly above normal monthly precipitation totals 
while all other sections of the country experienced mostly below 
normal monthly precipitation totals. The long wave circulatory 
pattern for December featured a mean ridge in the western United 
States and a long wave trough in the easterm section of the 
country. The ridge in the West accounted for the below normal 
precipitation in that section of the country. . The ssoutherky r 
location of the storm tracks and polar front jet stream accounted 
for the below normal precipitation in the northern section of the 
United States. 


The long wave circulation was meridional (north-south) 
from the lst through the 12th and from the 24th through the 29th. 
Zonal (west-east) circulation prevailed from the 13th through 
the 22nd jand. on, the sGth amd 3isc. 


Extratropical low pressure systems were frequent in the 
United States during December because of the strength of the polar 
front jet stream. Numerous low pressure systems developed during 
the month, affecting primarily the Great Lakes. The dates of 
occurrence and locations of these low pressure systems are as 
rollows: 
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fens Gulf Coast 
talitale Pacific Northwest 
Sth: Northern Great Plains 
LOE: Great Lakes 
jLibeia\s New England 
Lethe Great Lakes 
Ly ch: Great Lakes 
20ch: Great Lakes 
ZUSe: New England 
22nd: Great Lakes 
Zane: Great Lakes 
26a: New England, Atlantic Seaboard 
IM § stale: Northern Great Plains 
28th: Great Lakes, Atlantic Seaboard 
29th: Great Lakes, Atlantic Seaboard 
30th: Northern California Coast, New England 


On a sectional basis, the following temperature and 
precipitation anomalies existed during December: 


Section Temperature Precipitation 

Northeast Much below normal Slightly below normal 

Atlantic Seaboard Below normal Below normal 

North Central Below normal Below normal 

Central Slightly below normal Much below normal 

Southeast Below normal Slightly above normal 

Southwest Below normal Variable; mostly 

slightly above normal 

Rockies Above normal Much below normal 

West and Pacific Near normal Much below normal 
Northwest 
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B. Summary of the Meteorological Conditions as 


Northwestern and West Central Colorado during 
December 1976 


Grand Junction, Colorado, sixty miles to the south- 
southwest of the Tract C-b, received a total of Gnly 0-0) imen 
of precipitation during December, which is 0.54 inch below the 


monthly normal of 0.55 inch. According to the National Weather 


Service Office in Grand Junction: "This is ‘the 2ndsdriese 
December of record.~-The* driest was’ 1900 with a’ trace. "es Grand 
Junction received 0.1 inch of snow during December. Measurable 


precipitation (>.01 inch) occurred on December 5th. The region 
received 84 percent of the possible monthly sunshine. Sky cover 
by cloudiness averaged 3.8 out of a possible 10 during the day- 
light hours and 3.3 out of a possible 10 during the entire month. 
The region had seventeen clear days, six partly cloudy days, and 


eight cloudy days during the month. 


Air mass changes were infrequent during December. Only 
two frontal passages occurred during December, which is far below 
average. This decrease in cold frontal passages was due to the 
presence of an upper-level ridge over the western United States 
for most of December. Temperatures in the Tract C-b were cool 
due to seasonal influences. Transport winds were slightly 
stronger than those which prevailed during November. A maritime 
polar cold frontal passage occurred on the 9th and a continental 


polar cold frontal passage occurred on the 12th. 
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C. Summary of the Meteorological Conditions 


in, the. OtisiShale race 1C=b, Reewon During 
December 1976 


An upper-level ridge over the western United States 
was responsible for the below-normal precipitation totals and 
slightly below normal average temperatures which occurred during 
December. Since a long wave trough was located in the eastern 
United States, most of the continental polar outbreaks during 
the month were directed to the east of the Tract C-b into the 
eastern sections of the country. In addition, the long wave 
ridge in the western United States prevented most Pacific 
(maritime polar) fronts from penetrating the western United 
States. No precipitation occurred in the Tract C-b area during 
December. Slightly below normal temperatures affected the Tract 
C-b area, a reflection of the. cold air which often stagnates..in 


the Great Basin during the winter months. 


A maritime polar cold frontal passage occurred on 
December 9th and a continental polar cold frontal passage occurred 
on December 12th. These fronts were fairly mild since the major 
Earust of the cold air was to the eastern half of the United 
States. 


The monthly average temperatures recorded at the 
meteorological tower during December Dil Be att8 feet; 
Ze) OF at 30 feet. 27. 20h at 100 feet: and.25.6>F..at. 200. feet. 
These averages are approximately 7F° lower than those recorded 
in November. The warmest days of the month at the meteorologi- 
Galyecower, weme che send. sad, Zeb. 8th. Sth» 13th, b7th,..and 18th. 
The coolest days were the 6th and 25th. The highest temperature 
recorded at the meteorological tower during December was 49°F 
at the 8-foot level on the 17th. The coldest temperature record- 
ed at the meteorological tower was 8°F at the 8- and 30-foot 
levels on the morning of the 25th. This reading also occurred 


ae the 30-foot level on the, morning of the 6th. 
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Monthly average relative humidities during December 
were nearly the same as those that prevailed during November. 
Therefore, since average temperatures were lower in December than 
in November, the average moisture content of the air was slightly 
lower during December (in order to maintain the same average 
relative humidity). At the meteorological tower, the monthly 
average relative humidities were 52.7 percent at 8 feet; 57.4 
percent at 100 feet; and 53.3 percent at 200 feet. These relative 
humidites correspond to dew points of 12.5°F, 13°F, and 12 F, 
respectively. The relative humidity sensor at the 30-foot level 
was inoperative for most of the month. The most humid days of 
the month were the Lst, 5th, 6th, LOth, nd 3st. ‘The derecte 
days were the L6th, L7th,«and JSeh: 


Winds at the meteorological tower during December were 
only slighly stronger than the winds during November. Resultant 
wind vectors at the meteorological tower during December were 
200.7 degrees at 1.6 miles per hour at 8 feet; 200.4 degrees at 
2.3 miles per hour at 30 feet; 206.0 degrees at 2.8 miles per 
hour at 100 feet; and 214.5 degrees at 3.6 miles per hour at 
200 feet. The scalar average wind speeds associated with these 
resultant wind vectors were 3, 5, 6, and 6 miles per hour, re- 
spectively. The Ekman spiral and Ekman effect, i.e., a veering 
in direction and increase in speed as a function of increasing 
izht above the surface, were evident during December. A 


ZT 
oS 

reference to the December wind roses for the meteorological tower 
i 


uthwesterly, with a relatively high frequency of occurrence of 


SO 
southerly and southwesterly winds in addition. 


The windiest days of the month at the meteorological 
tower were the 7th, 8th, 9th, 23rd, 27th, and 3lst. The days 
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having, the lishtest winds, were thealith, I2th,.14th, 16th, 17th, 
20th, and 22nd. The highest five-minute average wind speed 
recorded at the tower during December was 40 miles per hour at 

the 200-foot level on the 16th. On a diurnal basis, the strongest 
winds at the tower occurred between 1300 and 1600 hours, when 
vertical mixing and the downward transfer of momentum were 
maximized. The winds were lightest during the early morning 
hours, between 0500 and 0900 hours, when the friction layer was 
stable. 


Precipitation totals in the Tract C-b Monitoring Network 
during December were generally very much below normal. No pre- 
cipitation was received at the meteorological tower during 


December. Only 0.01 inch was received at Grand Junction. 


The monthly average station pressure at the meteoro- 
logical tower during December was 790.5 millibars. This reading 
is 1.4 millibars lower than the November average station pressure 
of 791.9 millibars. The highest daily average station pressures 
occurred on the lst and 2nd. The lowest daily average station 
pressures occurred on the 9th, 30th and 3lst. 


Cloudiness decreased slightly in the Tract C-b region 
during December, compared to the November cloud cover and insola- 
tion statistics. The region received an isolated total of 5680.4 
langleys, which is equivalent to a daily average insolation total 
of 183 langleys/day. This average is slightly below the National 
Weather Service standard for December of 200 langleys/day in the 
Tract C-b region. On a diurnal basis, the greatest solar radia- 
tion rates occurred between 1200 and 1300 hours. The greatest 
daalyeradiation,totalis, were received onthe Ist and 20th. . The 
lowest daily solar radiation totals were received on the 5th and 


6th. The greatest five-minute radiation total received during 
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December was 4.75 langleys (a rate of 0.95 langleys/minute) , 

which occurred on the 9th and 10th. The largest hourly insola- 
tion total received during December was 50 langleys, which occurred 
on the 9th between 1100 and 1200 hours. Because of the pro- 
gressively decreasing solar elevations and the increasingly shorter 
periods of daylight that prevailed during the first two-thirds of 
December, the total possible solar radiation which could be re- 
ceived during a day decreased monotonically throughout that period. 
During the last one-third of December, progressively increasing 
solar elevations provided for increasingly longer periods of 
daylight. ~Thus, the total possible solar radiation which could 

be received during a day increased monotonically throughout the 
last one-third of December. 


The slight decrease in cloudiness and decrease in insola- 
tion which affected the Tract C-b during December caused the un- 
stable stability classes to become less common than they had 
been in November. Using the Pasquill method of stability de- 
termination, "C" stability (slightly unstable) was the most 
common stability, occurring during 166 daytime hours, or 57.2 
percent of the time. In decreasing order of frequency, ''D" 
(neutral) stability occurred during 88 hours or 30.3 percent of 
the time, and "B" (very unstable) stability occurred during 36 
hours, or 12.4 percent of the time. "A" (extremely unstable) 
Stability did not eceur. 


Using the lapse rate method of stability determination 
ee , the slightly stable ("E") and extremely stable ("F") 
stability classes were the most prevalent during December. In 
general, stable and/or neutral conditions prevailed during the 
nighttime hours and unstable and/or neutral conditions prevailed 
during the day. The following table (Table A) is a diurnal break- 
down of the various stability classes. As one proceeds from "A" 
to "F'"', the stability class ranges from extremely unstable to 
extremely stable. The column labeled “number of occurrences" 


indicates the number of times a particular stability class 
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appeared during the month on an hourly basis. Level I indicates 
that temperature changes versus height values (S) were considered 
between 30 feet and 100 feet. Level II indicates that the values 
of = were considered between 30 feet and 200 feet. The delta 
temperature circuitry between the 30- and 100-foot levels was in- 


operative during most of the first 26 days of December. 


Using the standard deviation of the horizontal wind 


‘3 ,) method of stability determination, "D'' stability was the most 


ES 


cb 


common stability classification at the meteorological tower because 
of the moderately strong winds that normally occurred at that 
location... The stability distributions. for the 30-, M0Q=)sand 
200-foot levels were similar, with only a slight trend toward 
increasing stability as a function of increasing height. The 
3-foot level of the tower exhibited higher percentages of the 


unstable classes because of excessive mechanical turbulence. 


The bivanes at the 100- and 200-foot levels of the 
meteorological tower indicated a pattern of upward vertical 
motion (negative vertical directions) during the month, while 
the 30-foot level produced no net vertical motion during 
December. Upward vertical motion was more pronounced during 
the nighttime and early morning hours at the 30- and 100-foot 
levels during December (probably because of lower wind speeds), 
but this diurnal pattern was reversed (i.e., upward motions were 


less pronounced) at the 200-foot tower level. 


The 6, values obtained.at the 30-, 100-, anda 200— 
foot levels using the bivanes compared favorably with the gp, 
values obtained at those levels using the standard wind instru- 


mentation. 
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This section includes summaries for various recorded 
data at the monttoring,sates,. Ihe data presentations indicate 
the variability of pollutant concentrations and meteorological 
parameters with location and time. In addition, the presenta- 
tions indicate the functional dependence of pollutant concentra- 
tion with wind direction. All data except suspended particulates 
(24-hour samples) are sampled once each second, but recorded as 
five-minute arithmetic averages of the one-second samples. This 
averaging technique tends to smooth instantaneous maximum values, 
and is especially evident when comparing wind gusts to local 


weather bureau data. 


Inherent to any data acquisition system is random noise 
both from the recording instruments and quantization in the ana- 
log-to-digital conversion. The lower threshold for all analytical 
instruments is twice the maximum noise level generated by the 
instruments. This lower threshold is 5 ppb for all instruments , 
except fortlthe ozome sanalyzer, for which-tt-is-0=S-ppb sr There- 
fore, any values appearing in the data presentations that are 
Hess (than 5 ppb indicate onily.a trace of pollutant in question 
and should not be construed to be absolute levels. In addition, 
the recorded quantity is simply random noise and averages tend 
toward zero. Thus, when concentrations are below the lower 
threshold of the analytical instruments they may appear as a 
zero entry in the data presentation which does not indicate 


absolute zero concentration. 
ALY pollutant data “Céxcept* tor particulate ’data)y is 


taken at the monitoring site in integer parts per billion (ppb) 


but is presented here in micrograms per cubic meter (ug/m’) 
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assuming standard temperature and pressure of 25°C and 760 mmHg 
(1013.2 millibars), respectively. The seale factors, mequmeae 
to convert pg/m* at standard conditions back to ppb for the 


various pollutants are given in the following table. 


TO CONVERT ug/m? AT 25°C 


POLLUTANT | AND_760 mmHz TO ppb MULTIPLY BY 
NO, 534 
NO ee: 
NO2 ae ee 
SO. 384 
H2S ies 
THC | frase 
CH, T2536 
CO 607 
O03 Stee 


The units of the meteorological parameters are given in 
the table. It should be noted here that inside temperature is 
monitored and recorded as a functional part of the system but is 


not presented in this report. 


Table III displays, the monthly statistics for eaenh 
monitoring station for the month... To insure Statistical, cums 
nificance, and to reduce the possibility of. introducine sa Brae 
in the presentation, averages are computed only when at least 
50 percent of the samples are present, except for relative 
humidity and temperature, in which case 75 percent of the samples 
is required. If less than the required samples are present for 


a particular parameter, that entry will be blank. The number of 
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Sapp les, preseme for a particular channel is defined,as the total 
possible number of five-minute samples for the averaging time 
less the computer downtime less the channel downtime less the 
ehennel calibration, time, 5 [ne averacesivin, Tablerd If vaire, jara-th- 


metic averages with the following exceptions: 


« Wind speed and wind direction are 
computed using a vector averaging 
technique where the wind speed is 


treated as the vector magnitude. 


« Particulate averages are computed 


as the geometric mean. 


Table IV displays the daily averages. Again, 50 percent 
of the five-minute samples are required in order to compute an 
average except for the cases of relative humidity and temperature 
which require 75 percent. A blank entry indicates an insufficient 
number of five-minute samples present for that day. Wind speed, 
wind direction, and particulate averages are computed the same 
way as described in Table IIIL. 


Table V presents the maximum daily five-minute average 
retained in the data base as well as the time of occurrence. A 
five-minute maximum average is printed if any samples are present 
for that day. Therefore, the maximum five-minute average for a 
channel which experienced considerable downtime or calibration 
time during the day in question may be misrepresentative of the 


laximum expected for that channel on that day. 
Table VI indicates the five largest averages for 


various averaging times. The table shows the period of time 


covered by the average. Maxima are chosen so that time segments 
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are independent. The maximum averages reported are found using 
a 'sliding average' technique with the exception of the 24-hour 
particulate average, which is computed from midnight to midnight. 
For averaging times less than or equal to three hours, the slid- 
ing average is stepped one five-minute sample at a time. For 
longer averaging times the step size is twelve samples or one 
hour. For averaging times less .than or equal to one hour 100 
percent of the five-minute samples must be present to compute 

an average. Averaging times greater than one hour require 90 
percent. Whether or not a sliding average is computed is solely 
determined by the number of samples present in that averaging 


time and is independent of daily and monthly averaging criteria. 


To demonstrate the functional dependence of recorded 
parameters upon wind direction, Table VII shows pollutant con- 
centration displayed in a bi-variate distribution with wind 
direction. The tables display the total number of five-minute 
samples occurring in each concentration and wind speed class. 
The mean concentration for all samples occurring in each wind 
class are also shown. This distribution demonstrates the 
dependence of high pollutant concentrations upon wind direction. 


Appendix A shows the stability wind rose diagrams. 


The wind speed classifications used in Appendix A are 
based on the Beaufort wind scale classification system. This 
is a system of estimating and reporting wind speeds, invented in 
the early nineteenth century by Admiral Beaufort of the British 
Navy. It was originally based on the effects of various wind 


1 


eeds on the amount of canvas that a full-rigged frigate of the 


Oo A 


d could carry, but has since been modified and modernized. 
its present form for international meteorological use it 


equates: (a) Beaufort force (or Beaufort number); (b) wind speed; 
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Source: 


(c) descriptive terms; and (d) visible effects upon land objects 


or the sea surface. One land adaptation is the NRM wind scale. 


The six basic wind speed classifications used in the 
meport are: ~l-3 knots ,./4-6 Knots; "7=10“knots = illo ‘knots” 
by-2t knots, and winds Of greater than 21 knots * “ine foltowine 
table is a complete description of the Beaufort Wind Scale, 


taken from Physical Climatology, by Helmut Landsberg, 1969. 


SEAUFORT WIND SCALE SOR OBSERVATIONS AT LAND STATIONS 
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i | Corresponding Limits of Wind Speed 

Exo aawa GY Specification for Use ae ac 10 meters ab.erd. | 
i Sac <nots i Knijhre oO Misechiacsisecn | 
elt allay atic ovs a letans silciest (OMOSE [SLES VASE aiaonoboosepouoease ono Si Sot <1 i 0.3 i | 
ae eLiesCCHMEAL Ents, ias nireiderte lee ; Direction of wind shown by smoke drift, i : ' i : ; 
Due oc by wand Vanes... 5 cies conic = = el H Hes} a L-3 | f=5 P OS3=Es5. LS ASS i 
| Light breeze.....jWind Zele on face:leaves rustle:ordinary i i 
SAVANE moe da Divi waltide ys cecnele lore ciel ererer cierevare past) ees O oe Wo=Lin) co 3.3 beat t 
Gentle oreeze....!Leaves and small twigs in constant mo- i H H | 
i exonGwalad extends) Mienie frat... 5100s ; 8-12 : Ome Lao Ne Ss eee One 
Moderate dreeze..,Raises dust and loose paper:small bran- j 
W wch@eQatemasved). (ME e soho. 5 css eae’ | 13-18 , 11-16 | 20-28 | 5.5-7.9 | 19-26 | 
Fresh bdreeze.....:Smail trees in leaf begin to sway:wave- 1 i | | 
' lecs formed on inland waters............ | 19-24 ; 27-21 | 29-38 8.0-10.7 {| 27-35 | 
Strong breeze....iLarge oranches in motion:whistling heard ; H 
; in telegraph wires:umbrellas used with | | | \ 

Negi rece Unc yee. acs o'es os ole ansralagescesarene eens ee | 25-31 ; 22-27 | 39-49 | 10.8-13.8{ 36-45 
| Sbleel Chitsbe gous c »Whoie trees in motion:inconvenience felt | | | | 
i woen walking against wind..............- | 32-38 | 28-33 | 50-61 | 13-9-17.2 1 46-56 | 
Sede EWS oneoee iBreaks twigs off trees:generally impedes | | | | | 
WROTOSTE SS eicicrere Or aac otal sis nko oS eh 1 39-66 | 34-40 | 62-74 | 17.2-20.7! 57-68 | 
MESIEIGO NI alles se /Slight structural damage occurs (chimney. | i 
' pots and slates removed)...........--05. [eso LeCNaG7) 75286 | POLe=24-4 1969-80 > 
woole gale........Seldom experienced inland:trees uprooted: | H | | 
| considerable structural damage occurs... 55-63 : 48-55 ; 89-102; 24.5-28.4; 81-93 | 
SCO Met iallaile sicrs elerere 'Yery rarely experiences:accomoanied by 1 ' 
fewacesoieadmdamace mm qaanee enters:  o-- i 64-72 56-63 | 103-1171! 28.5-32.5] 94-106 | 
BSEXSAIaceccgens itrreeegetetederacar stave, areca secsuatciere is eenvexerelslnne eeicteha eveicd ous 1 73=82  jo4=710 |! 118-133 | 32.7-36.9 | 107-121 | 
3 GOD M Tr RIE eSB IMRT CT RnR Scerere exact cr eee ree ee oe SSSI ih eazaGoe | EI4=129)| 37.0-41.4 | 122-136 | 
NaS adve-eetewsleh, ieee Pee ee MeN ee 7.5) ogatoe |) eiae9 | 1s0-166)|' 41.5<46.1 | 137-151 | 
BCR MMe hcWer stel ofaait-iee toledo peta ehe cys aecteNe tel omerel eitelcevaie (ere tefetel eaves ecerens) ane -sicue cers ; 104-114; 90-99 | 167-183} 46.2-50.9 | 152-166 | 
3:5'6:0 CIOS 10 BTROIOOS.A How OS Clo OH AOU OD OIG 6 CEOS Co Dasicha A eitione rotor 115-125 ! 100-108 , 184-201! 51.0-56.0} 167-183 | 
pe uattaareyietoice auelererenedars | Oooo O00 CHDSNSUO ODDO BodOODDO CBU GTO BEE DOD ft 126-136 ; 109-118/ 202-220) 56.1-61.2! 184-201 | 

Table 36 (p.i19) ian R.J. Lise (1951) :Smicthsonian Meteorological Tables:Smithsonian Miscell.Coll.Vol. 114 
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Table VIII demonstrates the diurnal variation of 
various recorded parameters. Hourly averages are determined by 
arithmeticallyv averaging five-minute samples, except for wind 
direction averages which are computed vectorially assuming unit 
vector magnitudes. Totals in the diurnal wind direction tables 
are vector averages of the columms and rows. For all parameters, 
a blank entry in the diurnal variation table indicates that less 
than half (i.e., less than 6) of the five-minute samples tox 


Ende Hour are pPresene - 


All times given in the data presentation are Mountain 


Standard. Time . 


To facilitate comparison of recorded concentrations to 
ambient air quality standards, the following regulations are 


presented. 
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TABLE If 


FEDERAL AND COLORADO STANDARDS 


Non-Designated 


Primary Secondary Area 
Particulate 
Annual G. M. 75 ug/m? 60 peg/m? 45 ug/m°> 
24° Hr. Max. * 260 150 150 
Sulfur Oxides 
Annual 80(.03ppm) -- 
24 Hr. Max. * 365(. L4ppm) 15(.005ppm) 


SHG.) Max. * 
H 


r. Max. *® 


Oxidant 
l Hr. Max. * 
3S Hr. Max.* 


Annual 


Hydrocarbons 
Betir.) Max. * 
6-9 a.m. 


Carbon Monoxide 
Max. 8 Hrs.* 


Max dic 


Nitrogen Dioxide 


Annuai 


LL 


160(.08ppm) 


160(.24ppm) 


10000(9ppm) 
40000( 35ppm) 


100(.05ppm) 


1300(. Sppm) == 


160 


10000 
40000 


100 


Units are micrograms per cubic meter and ppm in parenthesis. 


*Not to be exceeded more than once per year. 


**Noc to be exceeded more than once per month. 


DiS B=451 


60(.O02ppm) 
300(. lppm) 


800(. 28pm) 


Designated Area 


1976 1980 
55 ug/m 45 g/m? 
180 150 


25(.009ppm) 
150(.05ppm) 


10(.004ppm) 
55(.02ppm) 


300(. Lppm) == 
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TABLE IV 
DAELY AVERAGES FOR DECEMBER 1 THRU 31 
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APPENDIX A 
STABILITY WIND ROSE DIAGRAMS 


According to the data presented in AEC Safety Guide 
No. 23, the relationships between stability classes and Og are 
as follows (the values shown are averages for each stability 
classification...o, is the standard deviation of horizontal 


wind direction fluctuations). 


Average Values 


Stability) Pasquill To 

Classification Categories (degrees) 
Extremely Unstable A 25.0" 
Moderately Unstable B 20/502 
Slightly Unstable € SO} 
Neutral D LOnO? 
Slightly Stable E 507 
Moderately Stable F Zoe 


Stability wind roses obtained at the trailers in the 
monitoring network are displayed in the following tables. 
Because of the relatively low heights above the surface (9 meters) 
at which the wind data is taken, the stability distributions are 
skewed toward the unstable end of the spectrum. That is, the 
unstable classes (A, B, and C) have a much higher frequency of 
occurrence than would be obtained with the Pasquill method of 


stability categorization (or with instruments at higher levels). 


Table 1 depicts the frequency distribution of Pasquill 
Stability categories based on o, from data eollected by Moai 
Pendergast andyT.°V.. Crawford at the Savannah River Plant 
(‘Actual Standard Deviations of Vertical and Horizontal Wind 
Direction Compared to Estimates from Other Measurements", 
Symposium on Atmospheric Diffusion and Air Pollution, September 
9-13, 1974)... ‘Three distinct range patterns of stabilileyselass 
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distributions were observed: low, mid, and high, according to 
the height at which the Og. Measurements were taken. 


TABLE 1 
FREQUENCY DISTRIBUTION OF PASQUILL STABILITY CATEGORIES 








Stability €ateseries based jon c; 

oe A 8 c o E F G 

S =e c, >22 +13 <3, GER iat <2, <]2 8 ¥S; <r <3, Kee miges. 1G e o. <2 

10 22.5 ies 22 B35 2.9 0.4 aes 

a 8) legen tip 19.$ 32.8 15.9 Oo eh Ouse eo SSE 
91 9.5 RG 1355 ez 29.5 end ae 

137 S.3 en a, zn.2 23.5 Wale esis LO eRANGE 
fee 7.0 2.9 Bue 71 25.9 BES hey 

243 Pa 2.3 9.4 Wier 27.8 22... 10.4 HIGH RANGE 
304 Tea any 2.0 17.2 23.7 29. “NLS 


miso, Figure 1 (from). H. Slade ,.Meteorology and 
atomic Energy, 1968, p. 52) demonstrates that the line represent- 
ing very stable conditions (which by their nature are associated 
with light winds) branches into three separate lines near the 
ground. The curve at the left represents the smallest values of 
J usually observed. The curve that branches off to the right 
reflects the contribution of very low-level wind direction meander 
to the total standard deviation. These meandering oscillations 
decrease in amplitude very rapidly with height under stable 
conditions. The central curve represents typical inversion 
Gonditions., Actually, for a given Stability icondition, values of 
.will always be greater when the wind is light than when it is 


ey 
strong. This phenomena is most noticeable in the lowest layers. 
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eo 23 
STANOARD GEVIATICN Ce LATERAL WIND SiaSsvicn 
3 209) 
FIGURE 1 


The vertical variation of the lateral wind- 
direction standard deviation (9,) for various stability 
regimes. The curves represent average Or typical con- 
ditions with the exception of the two outer "very stable" 
lines, which represent extremes. 


The large surface values of To for unstable conditions 
do not decrease very rapidly with height. As in the case of 
very stable conditions, the greatest lateral fluctuations during 
a very unstable thermal structure occur with very light winds. 
As a general rule, for a given insolation condition, increasing 


wind speeds are associated with profiles of oi that tend toward 
neutralystabadity,, 


The majority of the trailers in the network recorded 
very light winds throughout the month. Therefore, the stability 
distributions had a predominance of high 9, values and, hence, 
unstable classifications. Those trailers with the highest 
average winds (and fewest nearby obstacles to the flow) generally 
had the more reasonable and representative low-level stability 
class: distri bucLons. 
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Insti OF TABLES (eontd) 


TABLE VIII 


DIURNAL VARIATION OF VARIOUS RECORDED 


PARAMETERS 
Horizontal Bi-Vane Wind Direction 


Nitrogen Oxides---------------------------- 
Nitric Oxide------------------------------- 
Nitrogen Dioxide--------------------------- 
Sulfur Dioxide----------------------------- 
Hydrogen Sulfide--------------------------- 
Total Hydrocarbons ------------------------- 
Methane- ----------------------------------- 
Non-Methane Hydrocarbons ------------------- 


Carbon Monoxide---------------------------- 


Hourly Total Precipitation----------------- 
Wind Speed 
8 feet-------------------------------- 


30 feet-------------------------------- 
100 feet-------------------------------- 
200 feet-------------------------------- 
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gust: OF TABLES- <econtd) Page 
TABLE! VIEL DIURNAL VARIATION OF VARIOUS RECORDED 


PARAMETERS 
Relative Humidity 
(oO ere yra dm eae ee ee ee ee II B-787 
30 feet-------------------------------- -788 
100 Ee ake So --------------------------- -789 
200 feet-------------------------------- -790 
Temperature 
8 feet------------------------------+--- -791 
30 feet-------------------------------- -792 
100 feet-------------------------------- 2795 
200 feet-------------------- ------------ -794 
Barometric Pressure------------------------ -796 
Solar Radiation---------------------------- -795 


Bi-Vane Wind Speed 


OW) $e @izeccoobe less ese s cae ea see sae soos 797 

ING SEVEN eo ee es ee 798 

Dil Meee ac kasocs con Sones = see seo See Sons ae -799 
Horizontal Bi-Vane Wind Direction 

20) feet osssssese ase Sos oe Soces sees eo esce - 890 

WOW! SSGeve SSeS soe een Sao Sen ho eee eens oes -801 

DAGN 8) MB Ge ee ee -802 


Stability Class Determination Using 
Pyranometer Recording---------------------- -803 


Stability Class Determination Using 


DDG Clee ID\aSosesSee 56565 o5e See oes god 
Stability Class Determination Using 
DT/DZ (Level 2)---------------------------- 2817 
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TESTS OF TABLES ‘Ceontd) Page 
APPENDIX A - STABILITY WIND ROSE. DIAGRAMS ---------------- II B-830 
8-foot level - Stability Class A------------ -834 
Class B------------ -835 
Class C------------ -836 
Class D------------ 839 
Class E------------ <a 
Class Total-------- -839 
30-foot level - Stability Class A------------ -840 
Class B------------ -841 
Class C------------ -8A2 
Class D------------ - 843 
Class E------------ -844 
Class Total-------- -845 
100-foot level - Stability Class A------------ - 846 
Class B------------ -847 
Class C------------ -848 

Class D------------ -849 

Class E------------ -850 

Class Total-------- -851 

200-foot level - Stability Class A------------ ~852 
Class B------------ -853 

Class C------------ -854 

Class D--~--------- -855 

Class E------------ -856 

Class Total-------- -857 

Percentage of Occurrence of Wind Direction 

8-foot level--------------------------- -858 
30-foot level--------------------------- -859 
100-foot level--------------------------- -860 
200-foot level--------------------------- -861 
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leg GENERAL DESCRIPTION OF AIR MONITORING PROGRAM 


RadianiiConporation..under comtract to the C=b Oil 
Shale Project, is performing the data compilation and reporting 
of air quality and meteorological data at one monitoring site 
in Northwest Colorado. The site measures and records concen- 
Erations | OL particulates, sulfur dioxide, oxides,of nitrogen, 
hydrogen sulfide, total hydrocarbons, methane, and carbon mon- 
oxide. A 200-foot meteorological tower provides wind direction, 
wind speed, temperature, and relative humidity data at four 
Tevels (8, 30, 100, and 200 feet). Other meteorological variables 
measured at the tower site are insolation, barometric pressure, 


and precipitation. 
Fagure WesShows the configuzation of) the monitoring 


station. The station provides a sturdy and protective covering 


for the monitoring equipment. 
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rh. DESCRIPTION OF INSTRUMENT SYSTEMS 


BL eel Be Oualsey) inst pumentacion 


Nitrogen oxides are measured with a Meloy Model WA520 
analyzer. This dual-channel analyzer is based on the chemilu- 
minescent principle and continuously monitors both NO, and NO. 
A subtraction circuit in the instrument provides a continuous 
NO, output, but is not used in Radian's system. NO2 is cal- 
culated once a second by the computer by subtracting the NO 
value from the NO, value, thus avoiding any drift which might 
occur in the NO2 output of the instrument. This instrument has 
a minimum detectable sensitivity of 5 ppb (parts per billion), 
and cai-linearity oftL7: 


Both sulfur dioxide and hydrogen sulfide are measured 
with Meloy Model SA185 sulfur analyzers. The hydrogen sulfide 
analyzer uses a Meloy Model NO,-1 sulfur dioxide scrubber and 
the sulfur dioxide analyzer uses a Meloy Model H.2S-1 hydrogen 
sulfide scrubber. The Model SA185 is a continuous analyzer and 
“eElrzes the flame’ phetometric. principle ofeperation. §Thel. 
minimum detectable sensitivity is 5 ppb and the linearity of +1%. 


Ozone is measured with a Meloy Model OA350 analyzer. 
This instrument provides continuous measurement of ozone and is 
based on the chemiluminescent principle. The minimum detectable 


Sensitivity is 0°75 ‘ppb'*and “the -linearity is 217. 


Total hydrocarbons, methane, and carbon monoxide are 
monitored with a Bendix Model 8200 gas chromatograph analyzer. 
This instrument uses a plume ionization detector and has a 
minimum detectable sensitivity of 5 ppb for all three components. 
The Model 8200 works on a five-minute cycle, i.e., one air 
sample is analyzed every five minutes, and the result is dis- 


played for five minutes via a sample and hold circuit. 
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The air sample is drawn in through a glass cane and 
manifold supplied by the Ace Glass Company. The system has a 
25mm diameter, and a constant air flow through the system is 
provided by an air pump rated at 60 cfm at 0" head pressure. 
The manifold has sampling ports to which 1/4" teflon lines to 
the instrument are connected.;, All joints in the sampline syceem 
are secured by O-ring compression fittings. The manifold is 
contained in a heated (100°F) chamber to prevent condensation of 
moisture. The teflon lines from the manifold to the instruments 


are insulated with 1/8" wall thickness rubber tubing. 


The trailer has four heavy duty high volume particu- 
late samplers (Hi-Vols). Fiberglass filter paper is used for 
collection of particulate samples and each filter is brought 
to a controlled humidity before weighing. Each Hi-Vol has a 
flow recorded to permit correction for changes in air flow as 
the filter becomes loaded with particulates. Each Hi-Vol runs 
for a 24-hour period (midnight to midnight) and is turned on 
and off by the computer. The Hi-Vols were designed following 
guidelines recommended by the Environmental Protection Agency 


and were manufactured by Radian. 


In addition to the normal Hi-Vol particulate samples, 
a duplicate Hi-Vol sample is collected every sixth day on 
special filter paper for trace element analysis. Once each 
quarter these samples are composited and analyzed for gross 


radioactivity and trace element content. 

B. Calibration Procedures 

The trailer contains a Meloy Model RAD-1 calibration 
unit. This instrument provides a zero air supply, SO2 span gas 


from an SO, permeation tube, and NO span gas obtained by precisely 
diluting bottled NO span gas. The calibration of all instruments 
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is automatically performed once a day and is controlled by the 
computer. Each instrument is first switched to zero; the com- 
puter monitors the output of each channel and takes a new Zero 
reading after a stable zero signal has been reached. This zero 
reading is compared by the computer to the zero reading obtained 
26 nours before, and Jf a drift im excess of 10) ppb has occurred, 
aexcCess Zeno drire lieht for, the channel in ‘question as ’'turned 
on on the System Status Panel. Next, span gas is supplied to each 
channel and the computer decides when a stable span value has been 
reached. This value is recorded and compared to the previous day's 
wauue. An excess span drite light om thei system status Panel is 
turned on if a drift exceeding 10 ppb occurs. The instruments are 
then returned to the monitor mode and after two minutes the com- 


puter resumes data taking. 


The bottled NO gas used at each site was obtained from 
Precision Gas Products. Pre-purified grade hydrogen is used in 
the SO, analyzers. 


The SO. permeation tubes were manufactured by Metronics 
Association, Ince. Their output has been verified by comparison 
to the output of National Bureau of Standards tube 10-42. Both 
SA185 analyzers in each trailer are calibrated with the SO2z from 
the permeation tube. This instrument responds to the number of 
sulfur atoms per molecule; thus, SO, can be used to calibrate 
been the HS and SO> monitors’. 


The Model OA350 ozone analyzer has its own calibration 
system which provides a zero check and a span check. The ozone 
calibration system is verified by comparison to a calibrated 


ozone generator maintained in Radian's laboratory in Rifle. 
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The Model 8200 total hydrocarbon, methane, and carbon 
monoxide analyzer is calibrated with undiluted span gas obtained 
from AirCo's Rare and Specialty Gas Division. This span gas con- 
tains methane and carbon monoxide in air, the methane being used 
to calibrate both the total hydrocarbon channel and the methane 
channel. The Model 8200 is zeroed with air from a Bendix Model 
8834 zero air unit. In addition, the instrument is ,electronzeares 


re-zeroed at the start of every five-minute cycle. 


The Hi-Vol particulate samplers were calibrated using 


a. Calibration. Kit from General Metal Werks: 


G Data Acquisition System 


The basis of the data acquisition system is a Data 
General NOVA 1200 minicomputer. The NOVA, which has a basic cycle 
time of 1.2 usec, is equipped with automatic program load and 
power fail/automatic restart features. The computer utilizes 
16K 16-bit words of core memory. Analog-to-digital conversion 
is accomplished via an ADC built by Radian Corporation. The 
input/output unit for the system is Texas Instrument's KSR 733 
keyboard/printer. This model teletype provides keyboard entry 
and hard copy printed output. The data are also recorded on a 
cassette magnetic tape unit with three drives. The cassette 
unit is utilized for program storage and loading as well as re- 
cording. To reduce wear on mechanical parts, the power to the 
teletype and cassette units is turned on only when the unit(s) is 
(are) to be used. Several important functions in the instruments 
as well as in the computer and the trailer are monitored by means 
of lights on a System Status Panel. These data lights are written 
onto cassette tape to monitor the complete status of the system 
every five minutes. The Data Acquisition System also monitors 
the presence of 100V power from the power lines. In its absence, 


the computer, which is powered by batteries, switches all trailer 
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systems to battery-provided power. If the line voltage is 
restored before the batteries are discharged to a specified 


level, the trailer system is switched back to line power. 


D.. Meteorological Instrumentation 


200-Foot Meteorological Tower 


The tower has instrumentation at four levels: 8 feet, 
BO, feet, 100 feet, and.200.feet., At allfourc levels, there are: 
wind speed, wind direction, and temperature and relative humidity 
sensors in a power-aspirated radiation shield. Temperature 
difference thermistors (also in power-aspirated radiation shields) 
and their associated circuitry take lapse rate measurements for 
the 30-foot to 100-foot layer and the 30-foot to 200-foot layer. 
In addition, this site has a Precision Spectral Pyranometer, a 
barometer, and a tipping bucket rain/snow gage. 


The wind direction and speed apparatus used at each 
measurement level of the tower is the Model 1074-2 wind sensor 
by Meteorological Research, Inc. (MRI). This sensor has a 540° 
potentiometer for wind direction and a light chopper for wind 
speed. This sensor is rugged, with an all-weather coaxial cup 
and damped vane assembly. The prototype model has been in 
operation for years under the most demanding weather conditions, 
performing continuously with the utmost reliability. All of 
the wind sensors on the tower have been specially treated with a 
black paint which will promote warming of the exposed surfaces 
of the sensor and thereby reduce ice and snow accumulations on 
Ghe movamg paxts,of the,apparatus.,. The specifications.on the 
Model 1074-2 are as follows: 
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Wind Speed 


wtLarting Wireshokd _ (0 Shomer. 
+. Response. Distance::. 18. feet (637% pecovery)e 
.. Flow Coeftficrent: 7.9 2feet/Revolurion: 


> .Accuracy:,,20.4 mph. or 1% Gwhichever. is ereacerme 
Wind Direction 


é., Seantineg “Threshold > "7027 5.mpre 

«... Delay “Distance =" “4, Feet «CxO reecvery) . 
>? Damprng “Natig.=“0-7coeu 6" 

. Accuracy (540° system): +1%. 

24 "Ranga 7=20% *t6 “540°; 


The relative humidity and temperature sensors are 
mounted within a power-aspirated radiation shield at each tower 
level. All aspirators and sensors are of the Model 840 Series 
by MRI. The aspirated shielded housing is designed to provide 
maximum radiation protection to the sensor. Ambient air is 
drawn into the shield and across the sensors at approximately 
15 feet per second. This intake air is essentially sampled 
from a hemispherical space which is approximately 3-inch radius 
from the tube opening. Speed of the incoming air at the periphery 
of this hemisphere is approximately 1 mph. 


The temperature sensor is comprised of a dual thermistor 
and resistor network. This circuit provides a linear resistance 
change with an air temperature change. The relative humidity 
sensor is placed alongside the temperature elements inside the 
shield where it is exposed to a constant flow of air. Circulation 
to both sides of the sensing element produces accurate monitoring 
with a good response time. The specifications on the sensing ele- 


ments are as follows: 


IT, B-642 


RADIAN 
CORPORATION 


Temperature 


am AGeuaeu-(e 40.25 2G, 
wa Raneeyen =50-C tlOudt50 1G. 


Humidity 


>» Acearacy: 25.07, RH. 
somange: .-07, co LOOG Relative Humidity . 


Measurements of temperature difference are taken for 
two layers, the 30-foot to 100-foot and the 30-foot to 200-foot 
layer. The thermistors and circuitry used for these measurements 
are separate from the thermistors measuring air temperature. The 
use of separate thermistors and circuitry to measure AT allows 
for much greater accuracy and resolution in the measurements, 
which is necessary for stability assessments. Two AT thermistors 
are at the 30-foot level, one is at the 100-foot level, and one 
is at the 200-foot level. All of these AT thermistors are mounted 
within power-aspirated radiation shields. The specifications on 
the AT instrumentation are as follows: 


5 sAGGuRacy ; 20 a yGy 
- Range of T Circuit (Lower Level-Upper Level): 
+9F° to -9F°. 


All instrumentation, except at the ground level, is 
mounted at the end of 12-foot retractable booms. These booms 
are.s—inch “box beams. which ane.on rollers and. can be retracted 


to the instrument platforms for instrument maintenance. 
The meteorological tower itself is a 200-foot Rohn 


Model 80 Guyed Tower, designed for 40 pounds per square foot 
wands load withwn. Of Gadial ace per ELA Standand RS-222-B,,. to 
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support four levels of meteorological equipment. The material 
consists of tower sections with a tapered base, three retractable 
booms 12-feet long, three outside work platforms, an inside 
ladder for climbing, two base ground kits and one anchor ground 
kit. The cable-type Safety Climbing Device consists of a cable 
and attachment mechanisms with a locking sleeve and safety belt. 


The tower is lighted and painted according to FAA specifications. 


The signals from the tower instrumentation are fed 
from multiple signal cables into transmitters mounted at the base 
of the tower. After signals have been converted to analog 
Signals, they are fed into a junction box, also at the tower 
base, where they are assimilated into one coaxial cable. The 
Signals are then run underground within 3" PVC conduit to the 
A-to-D assembly, where they are processed. The transmitters are 
shielded and insulated from the elements. The signal cable is 
run underground in PVC conduit in order to minimize damage from 


the weather or various rodents in the region. 


The auxiliary equipment at the tower site consists of 
a heated tipping bucket rain/snow gage, an analog barometer, 
and a Precision Spectral Pyranometer. The rain/snow gage is the 
Model P511-E unit by Weather Measure. In the case of this gage, 
the durability and reliability of a tipping bucket gage are 
combined with heavy-duty electric heaters to make this an all- 
purpose precipitation sensor. This gage may be used to measure 
snowfall and rainfall. An insulating cover of poly-vinyl chloride 
and a thermostatic control insure the proper gage temperature. 
The thermostatic control is adjustable from O to 95° CS Snow 
falling into the inlet funnel is melted. The resulting water 
(from rain or snow) drains into a precision tipping bucket 
mechanism which activates a mercury switch each time the bucket 
fills and tips. The gage is constructed of durable*corrosron— 


resistant materials to provide many years of service. The 
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e specifications for this gage are as follows: 


ne; Orifiuce=, 4S “inches. 

# “Calibracion=-7 O20 sinen: 

oaxcctmacy: MEOlS ie (Calibrated "at 095 -in/hr)-. 

- oensor: Chrome-plated tipping buckets. 

ft, owe che Mer cucy. 0 <scecond closure: 

o. Heat Control» Thermostat adjustment, 0 to a5 26. 


The barometer is the B242 Analog Output Barometer by 
Weather Measure. This barometer provides an output voltage that 
wr plinearnly: proportional “to pressure.© The specifications on this 
instrument, which is mounted inside the monitoring trailer at the 


site, are as follows: 


. Range: Specially designed for the 100 millibar 
) interval from 725 millibars to 825 millibars. 

= Resolutions ~ Inmbanate: 

. Lumearitty-+o 2085 millibar, over the 100 millibar 


roeerval . 


The pyranometer at the site is the Eppley Precision 
Spectral Pyranometer. This instrument is used for the measure- 
ment of sun and sky radiation totally or in defined wavelength 
bands. The pyranometer is levelled and mounted atop a wooden 
stand 4% feet from the ground surface. Care has been taken to 
eliminate the effects from all outside influences, such as 
reflection or shadows, on the pyranometer. The instrument 


Cnaracteristies are as follows’: 


SCASeCNSteTViLty : Cestmv per cal/em°?/min. 
- Independence: 300 ohms. 
= \dempexsatuner dependence? V Sensitivity constant “to 
® within +l percent over the ambient temperature 
range from -20 to +40°C. 
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- Linearity: Response linear up to intensities 
of 4 cal/cm?/min. 


».. Response, time: 1 second (i/e-stenalye 


All instrumentation is factory-calibrated and is field- 
calibrated at various intervals. Sling psychrometers are used to 
calibrate the humidity sensors, known temperatures and/or resis- 
tances are used to calibrate the thermistors, and an rpm cali- 
brating unit is used to calibrate the anemometers. The wind 
direction instrumentation is aligned to true north (reference 


direction) by means of a surveyor's transit. 
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he MICROMETEOROLOGICAL AND TERRAIN FEATURES 


The Piceance Creek Valley and C-b Shale Oil Tract 
are situated such that many microscale meteorological pheno- 
mena affect the region where the ambient air monitoring unit 
is located. Trailer 023 and its associated 200-foot meteoro- 
logical tower are located atop a plateau to the south of the 
valley, high enough to be affected mostly by gradient flow con- 
ditions : 


The elevation at the meteorological tower site 
(Trailer 023) is 6940 feet above sea level. The largest 
gradients in elevation in this area, of course, occur at the 
Piceance Creek Valley walls. However, the northern valley walls 
are slightly steeper than those at the southern boundary of the 
valley, which then slopes upward gradually toward the C-b Tract. 
The Piceance Creek Valley decreases in elevation from east to 
west in this area, so that nighttime katabatic cold-air drainage 


flows advect from east to west. 


Site 023 is approximately 2.5 miles south of the 
Piceance Creek Valley. This location is relatively high com- 
pared to its surroundings, with the nearest points having ele- 
vations greater than 7000 feet being .5 miles to the south of 
the tower. The tower itself is on the top of a small knoll 
located between Scandard and Sorghum Gulches. Because of its 
location and the irregularities of the surrounding terrain, 


meteorological patterns are varied here. 


Wind instrumentation is mounted at four levels of the 
meteorological tower: 8 feet, 30 feet, 100 feet, and 200 feet. 
The top level of the tower generally remains in gradient wind 


flow. That is, the winds at that level are normally generated 
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by synoptic-scale features and are usually separated from 
terrain features and micrometeorological circulations. 
Occasionally, a weak anabatic flow influence is experienced. 
However, such is not the case with the three lowest measurement 
levels. To varying degrees, these levels are influenced by both 
the katabatic and anabatic circulation cells. However, when 
strong pressure gradient forces exist in the region and the 
Ssynoptic-scale wind flow is strong, all four tower levels will 
reflect a gradient wind flow, with the winds increasing in 


strength with increasing height. 


The terrain atop the plateau is generally barren and 
fairly rugged, with a few scattered small trees. The topsoil 
dries rapidly and is very fine, resulting in blowing dust when 
dry, windy conditions exist. In the Piceance Creek Valley, the 
terrain is fairly grassy and flat, with steep valley walls on 
either side. Surface winds are normally rather light in this 


valley unless channelling effects occur. 


During clear nights with rather light pressure gradient- 
induced winds, rapid radiational cooling will occur in the region 
because of the barren nature of the terrain and the generally 
dry character ofthe air in°this: pertioniof the commetry. §Aswe 
result, the diurnal range of temperatures will be extremely 
large. Because of the katabatic flow in the valley, nighttime 
temperatures will generally be lower in the valley than on the 
plateau. During the winter, especially, temperatures in the 
valley may be 20F° lower than they are on the plateau during 


the early morning hours. 
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Ve. OPERATING SIIME SANALYSIS FOR CEACH, SITE 


This section presents the operating statistics for 
each of the major subsystems contained in the monitoring station. 
Table I shows the specific number of hours that each of these 
subsystems was inoperative for the month. The column labeled 
“DIGITIZING SYSTEM" indicates: the entire data acquisition system; 
therefore, downtime hours appearing in this column means total 
loss of data. . These instances include, in addition to computer 
downtime, power failures, no power available, and self-automated 


shutdown periods such as during air conditioner malfunctions. 


Calibration time is not considered to be downtime and 
is, therefore, not included in the downtime figures. The amount 
of time used in calibrating the instruments is given at the 
bottom of the downtime analysis table and is reported as total 
calibration hours for each channel for the entire month. As is 
evident in the calibration figures, channels can be calibrated 
independently of one another. No calibration time is given for 
particulate monitoring since Hi-Vol calibration occurs infre- 
quently and only during the off-duty cycle for each Hi-Vol 
while another Hi-Vol is taking data. 
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V. MONTHLY METEOROLOGICAL SUMMARY 


A. Summary of the Meteorological Conditions im North 
America during January EOT 7 


January 1977 brought colder than normal temperatures 
to all sections of the United States except for the West Coast. 
Monthly precipitation totals were mostly below normal west of 
the Continental Divide. East of the Continental Divide, monthly 
precipitation totals were normal or slightly above normal. An 
exception occurred along the Atlantic Seaboard and in the central 
portions of the country, where precipitation totals were slightly 
below normal and below normal, respectively. The long wave 
circulatory pattern for January featured a mean ridge in the 
western United States and a well developed long wave trough in 
tne eastern United States. The ridge in the West accounted for 
ene below normal precipltation© in thatsection. of the <country.. 
The trough in the East accounted fcr the extremely cold tempera- 


eures in that portion of the cometry. 


The long wave circulation was meridional (north-south) 
on the 3rd, 4th, and the 8th through the 20th. Split flow 
@eceurred on the st, 2nd, from Sth through the’ 7th’, "and from the 
P'st~ Chrough*the™3lst. 


Extratropical low pressure systems were frequent in the 
United States during January because of the strength of the polar 
front jet stream. Numerous low pressure systems developed 
during the month, affecting primarily the Great Lakes. The dates 
of occurrence and locations of these low pressure systems are as 


LOLLowSs : 
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2nd: Pacific Northwest 
SEG : Great Basin = 
4th: Great Plains, Central Rockies 
6th: Northern Great Lakes 
7th: Northern Great Plains, Atlantic Seaboard 
Shelghe Gulf Coast 
10th: Great Lakes 
LSth:: Great Lakes 
16th: New England 
24th: Northern Great Lakes 
2 Deh Atlantic Seaboard 
Paley 9 _Northern Great Lakes, New England 
27th: Northern Great Lakes 
28th: Great Lakes 
29En: New England 


On a sectional basis, the following temperature and 


precipitation anomalies existed during January: 


section Temperature Precipitation 
Northeast Much below normal Variable; mostly slightly 


Atlantic Seaboard 


North Céntral 


Very much below 
normal — 


Very much below 
normal 


above normal 
Slightly below normal 


Variable; mostly slightly 
below normal 


Central Very much below Below normal 
normal 
Southeast Very much below Near normal 
normal 
Southwest Much below normal Variable; mostly slightly 
above normal 
Rockies Below normal Variable; mostly below 


West and Pacific 
Northwest 


Near normal 
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Be Summary of the Meteorological Conditions in 


Northwestern and West Central Colorado during 
January LOTT 


Grand Junction, Colorado, sixty miles to~ the” south- 
Souehwest Of the brace C=b. recenved a total of 0 37 -inehsor 
pEeCipltattom during January, whieh 1s” 0727 inchtbelow the 
monthly normal of 0.64 inch. Grand Junction received 4.2 inches 
of snow during January. Measurable precipitation occurred on 
Enerond. thy 6th, loth, 22ad,. and the 25rd." the recron recerved 
78 percent of the possible monthly sunshine. Sky cover by cloudi- 
ness averaged 5.5 out of a possible 10 during the daylight hours 
and 4./ out Of a possible 10 during“ the entire“month.- The°region 
had eleven clear days, seven partly cloudy days, and thirteen 
cloudy days during the month. 


Air mass changes were infrequent during January. Only 
two frontal passages occurred during January. These frontal 
passages occurred early in the month, when some upper-level 
troughing dominated the Tract C-b. During the last half of 
January, an upper-level ridge dominated the Tract C-b and no 
frontal passages occurred. Temperatures in the Tract C-b were 
cool due to seasonal influences. Transport winds over the region 
as a whole were approximately the same in January as they were in 
December. A maritime polar cold frontal passage occurred on the 
3rd and a continental polar cold frontal passage occurred on the 
Srl’. 
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C. Summary of the Meteorological Conditions in the 
Oil Shale Tract C-b Region during January 1977 


An upper-level ridge which had a mean position over 
the western United States was responsible for the below normal 
precipitation totals. which occurred in the Tract C-b region during 
January. The ridging pattern was broken by a short-lived troughing 
pattern which occurred.in the area during, the first half of 
January....Four of. the six days,on which precipitation occurred 
were during the first half of January. These days were the 3rd, 
ath, 8th, and 16th... Precipitation also occurred on the 22ndjane@ 
23rd in association with the passage of a minor trough. Tempera- 
tures in the Tract C-b region were below normal during January; 
however, most of the extremely cold continental polar air masses 
were directed toward the eastern half of the United States during 
the month. 


One maritime polar cold frontal passage and one conti- 
nental polar cold frontal passage occurred during January. The 
continental polar front of the 8th was the colder of these two 
Erontsr 


The monthly average temperatures recorded at the 
meteorological tower during January were: 23.5°F at 8 feet; 
22.6°F at 30 feet; 22.8°F at 100 feet; and 21.3°F at 200 feet. 
These averages are approximately 4F° lower than those recorded 
in December. The warmest days of the month were the 18th through 
the 22nd. The coolest days were the 5th through the 10th. The 
highest temperature recorded at the meteorological tower during 
January was 47°F at the 8-foot level on the 18th and 21st. The 
coldest temperature recorded at the meteorological tower was -Gom 
at the 200-foot level on the morning of the 9th. 


<é 
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Monthly average relative humidities during January were 
much higher “than sehey had been in December in the Tract C=b region. 
This increase can be attributed to both a decrease in monthly 
average temperatures and an increase in the average moisture con- 
tent of the air during January. At the meteorological tower, the 
monthly average relative humidities were: 73.9 percent at 8 feet; 
moeO pemcent .atis100 “feet .-“and'/0)3 percent at 200 feet..~ These 
relative humidities correspond to dew points of 17°F, 16..5°F - “and 
12.5°F, respectively. The relative humidity sensor at the 30-foot 
level was inoperative for most of the month. The most humid days 
of the month were the 5th, 22nd, and 23rd. The driest days were 
Ema euch + Pht eer2th, “2ilct 29th * 30th . -and Siet: 


Winds on the meteorological tower during January were 
slightly stronger on the average than the winds that prevailed 
during December. Resultant wind vectors at the meteorological 
tower during January were: 190.0 degrees at 2.2 miles per hour 
at 8 feet; 189.6 degrees at 3.2 miles per hour at 30 feet; 193.4 
degrees at 4.1 miles per hour at 100 feet; and 203.7 degrees at 
5.1 miles per hour at 200 feet. 


The scalar average wind speeds associated with these 
resultant wind vectors were 4, 5, 6, and 7 miles per hour, 
respectively. The Ekman spiral and Ekman effect, i.e., a veering 
in direction and increase in speed as a function of increasing 
height above the surface, were in evidence during most of January. 
A reference to the January wind roses for the meteorological tower 
indicates that the winds at that location were primarily south- 
southwesterly at all four levels, with a relatively high frequency 


of occurrence of southerly winds in addition. 
The windiest days of the month at the meteorological 


Gower were the Ist. 2ndy and 3rd. The. days having the lightest 
winds were the 5th, 14th, and 30th. The highest five-minute 
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average wind speed recorded at the tower during January was 33 
miles per hour at the 200-foot level on the 3rd. 


<. 


Precipitation totals in the Tract €-b Monttorine= Nec 
work during January were generally very much below normal. Only 
0.06 inch of precipitation was recorded at the meteorological 
tower during January. The largest daily precipitation total re- 
corded in the network during January was 0.06 inch on January 
3rd. The greatest five-minute precipitation total recorded during 
the month was 0.02 inch (a precipitation rate of 0°24 ineh/hourm 
recorded on the 3rd. Measurable precipitation (> 0) inch) qwoaees 
corded at the meteorological tower on only one day during the 


month. This precipitation, on the 3rd, was in the form/of snoge 


The monthly average station pressure during January was 
788.1 millibars at the meteorological tower. This reading is”2.4 
millibars lower than the December average station pressure of 
790.5 millibars. The highest daily average station pressures S 
occurred from the 16th through the 20th. The lowest daily average 


station pressures occured on the 3rd and the 8th. 


Cloudiness increased slightly in the Tract C-b region 
during January, compared to the December cloud cover and insolation 
statistics (although January insolation totals exceeded December 
insolation totals). The region received an insolation total of 
6037.8 langleys, which is equivalent to a daily average insolation 
total of 195 langleys/day. This average is slightly below the 
normal for January of 230 langleys/day in the Tract C-b region. 

On a diurnal basis, the greatest solar radiation rates occurres 
between 1200 and 1300 hours. The greatest daily radiation totals 
were received from the 24th through the 3lst. The lowest daily 
solar radiation totals were received on the 3rd, 5th, 16th, 22nd, 
and 23rd. The greatest five-minute radiation total received 


during January was 5.60 langleys (a rate of 1.12 langleys/minute), 


¢ 
.< 
= 
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which occurred on the 25th. The largest hourly insolation total 
received during January was 66 langleys, which occurred on the 
25th between 1100 and 1200 hours. 


The insolation totals on the 25th are unusually high 
for a day during the month of January. However, the 25th was a 
clear day in the Tract C-b. Hence, the transmissivity of sunlight 
was very high through a relatively thin atmosphere which contained 
little water vapor. Therefore, the high insolation totals on the 
25th can be justified. 


Because of the progressively increasing solar elevations 
and the increasingly longer periods of daylight that prevailed 
during January, the total possible solar radiation which could be 
received during a day increased monotonically throughout the month. 


The slight increase in insolation which affected the 
Tract C-b during January caused the unstable stability classes to 
become more common than they had been in December. Using the 
Pasquill method of stability determination, "C" stability (slightly 
unstable) was the most common stability, occurring during 151 day- 
time hours, or 52.8 percent of the time. In decreasing order of 
PEeGucneww DD) s(neutzal stability, occurred. during. 96 hours’, or 
33.6 percent of the time, and "B" (very unstable) stability occurred 
during 38 hours, or 13.3 percent of the time. "A" (extremely 


unstable) stability occurred during only one daytime hour. 


Using the lapse rate method of stability determination 
($5). the emeutral 4CsD" se isdaphely stable..ClE'*), and extremely 
stable ("F") stability classes were the most prevalent during 
January. In general, stable and/or neutral conditions prevailed 
during the nighttime hours and unstable and/or neutral conditions 
prevailed during the day. The following table is a diurnal break- 


down of the various stability classes. As one proceeds from "A" 
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to "F", the stability class ranges from extremely unstable to « 
extremely stable. The column labeled ''number of occurrences" 
indicates the number of times a particular stability class 

occurred during the month on an hourly basis. Level I presents 


the temperature change versus height values (3) that were con- 


dz 
sidered between 30 feet and 100 feet. Level II indicates the 


values that were considered between 30 feet and 200 feet. 


Using the standard deviation of the horizontal wind 
(55) method of stability determination, '"D" stability was the most 
common stability classification at the meteorological tower be- 
cause of the moderately strong winds that normally occurred at that 
location. “The stability distributions. for the? 30=,5100-— sand 
200-foot levels were similar. The 8-foot level of the tower 
exhibited higher percentages of the unstable classes because of 
excessive mechanical turbulence. 


The bivanes at the 100- and 200-foot levels of the 
meteorological tower indicated a pattern of upward vertical 
motion (negative vertical directions) during the month, while the 
30-foot level indicated a pattern of downward vertical motion 
during January. Upward vertical motion was more pronounced during 
the nighttime hours at the 100-foot level during January (probably 
because of lower wind speeds), but this diurnal pattern was re- 
versed (i.e., upward motions were less pronounced) at the 200-foot 
tower level. At the 30-foot level, downward vertical motions were 
greatest during the daytime hours, a result which is quite unusual 
considering the proximity of the sensing level to the ground. 

The To values obtained at the 30-, 100-, and 200-foot 
levels using the bivanes compared favorably with the o, values 


0 
obtained at those levels using the standard wind instrumentation. 


L< 
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NE DATA PRESENTATION AND SUMMARY 


This section includes summaries for various recorded 
data at the monitoring sites. The data presentations indicate 
the variability of pollutant concentrations and meteorological 
parameters with location and time. In addition, the presenta- 
tions indicate the functional dependence of pollutant concentra- 
tion with wind direction. All data except suspended particulates 
(24-hour samples) are sampled once each second, but recorded as 
five-minute arithmetic averages of the one-second samples. This 
averaging technique tends to smooth instantaneous maximum values, 
and is especially evident when comparing wind gusts to local 


weather bureau data. 


Inherent to any data acquisition system is random noise 
both from the recording instruments and quantization in the ana- 
log-to-digital conversion. The lower threshold for all analytical 
instruments is twice the maximum noise level generated by the s 
instruments. This lower threshold is 5 ppb for all instrumentee 
except for the ozone analyzer, for which it is 0.5 ppbi= There 
fore, any values appearing in the data presentations that are 
less than.5 ppb indicate only a trace of pollutant in question 
and should not be construed to be absolute levels. In addition, 
the recorded quantity is simply random noise and averages tend 
toward zero. Thus, when concentrations are below the lower 
threshold of the analytical instruments they may appear as a 
zero entry in the data presentation which does not indicate 


absolute zero concentration. 
All pollutant data (except. for particulate dacajyirs 


taken at the monitoring site in integer parts per billion (ppb) 


but is presented here in micrograms per cubic meter (yg/m?*) 
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assuming standard temperature and pressure of 25°C and 760 mmHg 
CLOL3 22) malitbars), sespectively.._- The scale. factors required 
forconvert lie/m iat standard) conditions, back to ppb for the 
VaErousS pOLlutanes ane gaven.in the following. table. 


Auto) ee ug/m*> AT I5°C 
POLLUTANT AND 760 mmHg TO ppb MULTIPLY BY 





The units of the meteorological parameters are given in 
the table. It should be noted here that inside temperature is 
monitored and recorded as a functional part of the system but is 
MGOt.presented in this report. 


fables iil displays the monthly Statisties “Por each 
MOnLtOrine Station for the month. To. instre statistical sigc- 
meeicance, and Eo reduce the possibility of “introducing a“bilas 
in the presentation, averages are computed only when at least 
BO percent | Qf the samples are present, except for relative 
humidity and temperature, in which case 75 percent of the samples 
us wequired. ff less than the required samples are. present, for 


a particular parameter, that entry will be blank. The number of 
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samples present for a particular channel is defined as the total 
possible number of five-minute samples for the averaging time 
less the computer downtime less the channel downtime less the 
channel calibration time. The averages in Table III are arith- 


metic averages with the following exceptions: 


« Wind speed and wind direction are 
computed using a vector averaging 
technique where the wind speed is 


treated as the vector magnitude. 


+ Particulate averages are computed 


as the geometric mean. 


Table IV displays the daily averages. Again, 50 percen 
of the five-minute samples are required in order to compute an 
average except for the cases of relative humidity and temperature 
which require 75 percent. A blank entry indicates an insufieeues 
number of five-minute samples present for that day. Wind speed, 
wind direction, and particulate averages are computed the same 


way as described in Table III. 


Table V presents the maximum daily five-minute average 
retained in the data base as well as the time of occurrence. A 
five-minute maximum average is printed if any samples are present 
for that day. Therefore, the maximum five-minute average forva 
channel which experienced considerable downtime or calibration 
time during the day in question may be misrepresentative of the 


maximum expected for that channel on that day. 
Table. VI indicates the five largest averages for 


various averaging times. The table shows the period of time 


covered by the average. Maxima are chosen so that time segments 
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are independent. The maximum averages reported are found using 
a 'sliding average' technique with the exception of the 24-hour 
particulate average, which is computed from midnight to midnight. 
For averaging times less than or equal to three hours, the slid- 
ing average is stepped one five-minute sample at a time. For 
longer averaging times the step size is twelve samples or one 
hour. For averaging times less than or equal to one hour 100 
percent of the five-minute samples must be present to compute 

an average. Averaging times greater than one hour require 90 
percent. Whether or not a sliding average is computed is solely 
determined by the number of samples present in that averaging 


time and is independent of daily and monthly averaging criteria. 


To demonstrate the functional dependence of recorded 
parameters upon wind direction, Table VII shows pollutant con- 
centration displayed in a bi-variate distribution with wind 
direction. The tables display the total number of five-minute 
samples occurring in each concentration and wind speed class. 
The mean concentration for all samples occurring in each wind 
class are also shown. This distribution demonstrates the 
dependence of high pollutant concentrations upon wind direction. 


Appendix A shows the stability wind rose diagrams. 


The wind speed classifications used in Appendix A are 
based on the Beaufort wind scale classification system. This 
is a system of estimating and reporting wind speeds, invented in 
Ene, early nineteenth “century by Admiral Beaufort of the British 
Navy. It was originally based on the effects of various wind 
speeds on the amount of canvas that a full-rigged frigate of the 
period could carry, but has since been modified and modernized. 
In its present form for international meteorological use it 


equates: (a) Beaufort force (or Beaufort number); (b) wind speed; 
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(c) descriptive terms; and (d) visible effects upon land objects ec 
or the sea surface. One land adaptation is the NRM wind scale. 


The six basic wind speed classifications used in the 
report are: 1-3 knots, 4-6 knots, 7-10 knots, 11-16 knots, 
17-21 knots, and winds of greater than 21 knots. The following 
table is a complete description of the Beaufort Wind Scale, 


taken from Physical Climatology, by Helmut Landsberg, 1969. 


BEAUFORT WIND SCALE FOR OBSERVATIONS AT LAND STATIONS 








re ee meets ~ 





! bi Corresponding Limits of Wind Speed 
Force | EXpi anatery } Specification for Use Ie at 10 meters ab.erd. Ps 
Title | Mi/hr. {|  Knocs' Xm/hr.|  M/see a iSevoaeme 
RT rey See iSmoke rises werticalty. . 2am e ag | <r 8 Sub ii <a 0.3 1 
at Lieehit) adres sale ater | Direction of wind shown by smoke drift, | | \ 
| bute not (by wind vanes... segue eae er ae jowt Lad To) ESS ib. eh= os ee aoe 1-5 
2 Light breeze..... }Wind felt on face:leaves rustle:ordinary | ; 
|. vane-moved by wind... cccnsc ce ssne domains Leeoeey, [S426 E- p6qrt | 126=323 6-11 
3 Gentle breeze....;Leaves and smail twigs in constant mo- { | 
| tionswind extends [tence flat... s.-ses 8-12 | 7-10 | 12-19 | 3.4-5.4 12- 
4 Moderate breeze..|Raises dust and loose paper:small bran- | | | ; EX 
GHES 2AEE) MOVE Cie ena ba ca Naisteleicoxeicus! acne gers \P 13-18% |S bi —loss| ss 20=2 Sat Seo 19-26 
5 Fresh breeze..... {Small trees in lear begin to sway:wave- | \ | 
i» YVecs Eormed ion inland waters oasis | 19-24 | 7-21 | 29-38 | 8.0-10.7| 27-35 
6 Strong breeze....|Large branches in motion:whistling heard : 
in telegraph wires:umbrellas used with | 
GEREECUNEYIE c clehele wd ater rare elets titel etetel oct areleroteic { 25-31 | 22-27 39-49 10.8-13.8 | 36-45 | 
7 Highiiwind. ssc <0: iWhole trees in motion:inconvenience felt | | | a 
| swheatwalking) against wind &as- s-- o-) t2o | 32-38 | 28-33 | 50-61 |13.9-17.1| 46-56 | 
8 Bresh: gake.. </\« Breaks twigs off trees:generally impedes |, ! | | 
BLOSECSS Meat evs oe Se toe neice weniaterecicsereien | 39-46 } 34-40 , 62-74 | 17.2-20.7] 57-68 | 
$ Strong sale on... |Slight structural damage occurs (chimney | } | 
| pots and slates removed)................ 47-54 |; 41-4 | 75-88 20.8-24.4 69-80 i 
10 Wnole gale....... \Seldom experienced inland:trees uprooted: | | 
considerable structural damage occurs... j; 55-63 | 48-55 | 89-102} 24.5-28.4| 81-93 
ll SICOMM. aio. a elacloree = Very rarely experiences:accompanied by | 
widespread damageusk J°f0.cSce- ede a | 64-72 | 56-63 | 103-117] 28.5-32.6] 94-106 
MECC COIE GO COU CO OEE GEO OIG COCCI HOS GH Oe | 73-82 | 64-71 ! 118-133| 32. 7=36.9))0Ouemem 
been rh hf Ee Bk AO tok? med ee ee cin hi } 83-92 | 72-80 | 134-149} 37.0-41.4 | 122-136 
srapetskevelcieiaielereintsieqeks eicieieleieickele ele iota aiaialekstaetel enone 93-102! 81-89 150-166 | 41.5-46.1 | 137-151 | 
poo Ib Sat st swet eath age a e | 104-114 | 90-99 | 167-183} 46.2-50.9 | 152-166 | 
| Be EO ne nc a Ee. er caitic Sere Ext | 115-125 | 100-108 | 184-201 | 51.0-56.0 ] 167-183 © 
; 126-136 | 109-118! 202-220} 56.1-61.2 | 184-201 I 





| ece5e ee ee eo es ee 660 6 6 8 Oo CO 0).6°O)e € 6'O oe 0 @,. 212 Giafe 4 2 ae 6 i : 2 
eee 
Source: Table 36 (p.119) in R.J. List (1951) :Smithsonian Meteorological Tadles:Smitnsonian Miscell.Coll.Vol. 114. 
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CORPORATION 


Table VIII demonstrates the diurnal variation of 
various recorded parameters. Hourly averages are determined by 
arithmetically averaging five-minute samples, except for wind 
direction averages which are computed vectorially assuming unit 
vector magnitudes. Totals in the diurnal wind direction tables 
are vector averages of the columms and rows. For all parameters, 
a blank entry in the diurnal variation table indicates that less 
than half (i.e., less than 6) of the five-minute samples for 


that hour are present. 


All times given in the data presentation are Mountain 


Standard Time. 
To facilitate comparison of recorded concentrations to 


ambient air quality standards, the following regulations are 


presented. 
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CORPORATION 
TARE Eagle 
FEDERAL AND COLORADO STANDARDS 
Non-Designated 
Primary Secondary Area 
Particulate 
Annual G. M. 75 ug/m’* 60 ug/m? 45 ug/m* 
24 Hr. Max.* 260 150 150 
Sulfur Oxides 
Annual 80(.03ppm) -- 
24 Hr. Max. * 365(.14ppm) 15(.005ppm) 
3 Hr. Max. * -- 


1300(.5ppm) 


l Hr. Max. ** -- a 


Oxidant 
l Hr. Max. * 160(.08ppm) 160 
8 Hr. Max.* -- -- 
Annual -- -- 
Hydrocarbons 
3 Hr. Max. * 160(.24ppm) 160 
6-9 a.m. 
Carbon Monoxide 
Max. 8 Hrs.* 10000 (9ppm) 10000 
Max. 1 Hr.* 40000 (35ppm) 40000 
Nitrogen Dioxide 
Annual 100(.05ppm) 100 





Units are micrograms per cubic meter and ppm in parenthesis. 
*Not to be exceeded more than once per year. 


**NOt to be exceeded more than once per month. 
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1973 


70 ug/m? 
200 


60(.02ppm) 
300(.1lppm) 


800(.28ppm) 


Designated Area 


1976 


55 ug/m 
180 


25(.009ppm) 
150(.05ppm) 


300(. lppm) 


1980 


45 g/m? 
150 


10(.004ppm) 
55(.02ppm) 
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TABLE GLE 
AVERAGES FOR JANUARY 1 THRU 
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APPENDIX A 
STABILITY WIND ROSE DIAGRAMS 


According to the data presented in AEC Safety Guide 
No. 23, the relationships between stability classes and Og are 
as follows (the values shown are averages for each stability 
classification. ..d, is the standard deviation of horizontal 


wind direction fluctuations). 


Average Values 


Stability Pasquill To 

Classittieatron Categories (degrees) 
Extremely Unstable A 2550. 
Moderately Unstable B 20-0 
Slightly Unstable Cc 15,404 
Neutral D LOO- 
Slightly Stable E 5.30 
Moderately Stable F iste 


Stability wind roses obtained at the ,trablers in the 
monitoring network are displayed in the following tables. 
Because of the relatively low heights above the surface (9 meters) 
at which the wind data is taken, the stability distributions are 
skewed toward the unstable end of the spectrum. That 1s, the 
unstable classes (A, B, and C) have a much higher frequency of 
occurrence than would be obtained with the Pasquill method of 


Seapility categorization (or with instruments at higher levels). 


Table 1 depicts the frequency distribution of Pasquill 
stability categories based on 9, from data collected by M. M. 
Pendergast and T. V. Crawford at the Savannah River Plant 
("Actual Standard Deviations of Vertical and Horizontal Wind 
Direction Compared to Estimates from Other Measurements", 
Symposium on Atmospheric Diffusion and Air Pollution, September 
9-13, 1974). Three distinct range patterns of stability class 
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distributions were observed: low, mid, and high, according to 


the height at which the Og Measurements were taken. 


TABLE 1 
FREQUENCY DISTRIBUTION OF PASQUILL STABILITY CATEGORIES 


Stability Catessries based an ¢ 





SS 
oe A B C ) E F G 
= a “* gy >@3 18 ¢c, <23. 13 45, <18 8 4c, <?2 4c, <8 25, <8 a, <2 
10 22.6 13.2 a8 23.3 a5 0.4 a3 
35 19.3 11.3 19.4 32.8 15.9 0.7 a.5 LOW RANGE 
91 9.6 6.7 13.5 21.7 29.3 Wee ane 
137 9.3 aa 13 20.3 23.5 13.4. 5.5 MID RANGE 
182 7.0 2.9 6.8 17:1 25.9 ae Ce 
24 7a z3 9.4 77 27.6 22.9. 10.4 HIGH RANGE 
304 72 3.7 8.0 7.2 23.7 23'hoe4h3 


Also, Figure 1 (from D. H. Slade, Meteorology and 
Atomic Energy, 1968, p. 52) demonstrates that the line represent- 
ing very stable conditions (which by their nature are associated 
with light winds) branches into three separate lines near the 
ground. The curve at the left represents the smallest values of 
d4 usually observed. The curve that branches of f, to -the, Fiehe 
reflects the contribution of very low-level wind direction meander 
to the total standard deviation. These meandering oscillations 
decrease in amplitude very rapidly with height under stable 
conditions. The central curve represents typical inversion 
conditions. Actually, for a given stability condition, values of 
dg will always be greater when the wind is light than when it is 
strong. This phenomena is most noticeable in the lowest layers. 
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FIGURE 1 


The vertical variation of the lateral wind- 
direction standard deviation (d,) for various stability 
regimes. The curves represent average Or typical con- 
ditions with the exception of the two outer "very stable" 
lines, which represent extremes. 


The large surface values of so, for unstable conditions 
do not decrease very rapidly with height. As in the case of 
very stable conditions, the greatest lateral fluctuations during 
a very unstable thermal structure occur with very light winds. 
As a general rule, for a given insolation condition, increasing 


wind speeds are associated with profiles of To that tend toward 
neutral stability. 


The majority of the trailers in the network recorded 
very light winds throughout the month. Therefore, the stability 
distributions had a predominance of high 9, values and, hence, 
unstable classifications. Those trailers with the highest 
average winds (and fewest nearby obstacles to the flow) generally 


had the more reasonable and representative low-level Stability: 
class distributions. 
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Total Precipitation--------------------+------ =9U5 
Particulate----------------------------------- -905 
Wind Speed-------------------~------------------ -907 
Wind Direction---------------------~----------- -907 
Relative Humidity----------------------------- -907 
Temperature----------------------------------- -907 
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TABLE V 


DAILY AVERAGES FOR FEBRUARY 1 THRU 28 


Nitrogen Oxides (NO) ~------------------------ II B-909 
Nitric Oxide (NO)------------------------- ——— -909 
Nitrogen Dioxide (NO,)------------------------ -909 
Sulfur Dioxide (S0O,)-------------------------- -910 
Pyranometer----------------------------------- -910 
Hydrogen Sulfide------------------------------ -910 
Totel Hydrocarbons------------~---------------- -91% 
Methane-------------------------+-----+----+------- -911 
Non-Methane Hydrocarbons---------------------- -911 
Carbon Monoxide----------------+-------------- -912 
Ozone-- --------------------------------------- -912 
Barometric Pressure-~---------------------+--- -913 
Total Precipitation--------------------------- -913 
Particulate----------------------------------- -913 
Wind Speed--------------~--------------------- =914 
Wind Direction-------------------------------- ~ Oa 
Relative Humidity----------------------------- -916 
Temperature----------------------------------- -917 


MAXIMUM FIVE-MINUTE AVERAGES AND EIME OF 
OCCURRENCE FOR FEBRUARY 1 THRU 28 


Nitrogen Oxides (NO jo-----) 8 ae -919 
Nitric Oxide (NO)----------------------------- -920 
Nitrogen Dioxide (NO,)------------------------ 921 
Sulfur Dioxide (S0O,)-------------------------- “-922 
Pyranometer---------------------------=------- =973 
Hydrogen Sulfide------------------------------ -924 
Total Hydrocarbons ---------------------------- ~925 
Methane--=------- ~--< -- <= = a ne -926 
Non-Methane Hydrocarbons---------------------- -927 
Garbon Monoxide--—=———— === = == ee -928 
Ozone----------------------------------------- -929 
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BaBLE VI 


TABLE VII 


MAXIMUM FIVE-MINUTE AVERAGES AND TIME OF 
OCCURRENCE FOR FEBRUARY 1 THRU 28 


Barometric Pressureé--------------------------- II B-930 
Total Precipitation--------------------------- -931 
Wind Speed-Wind Direction--------------------- -932 
Relative Humidity----------------------------- -935 
Temper ature-- ---------------------- -934 


THE FIVE MAXIMUM INDEPENDENT SLIDING AVERAGES 
FOR FEBRUARY 1 THRU 26 


Nitrogen Oxides------------------------------- -936 
Nitric Oxide---------------------------------- -936 
Nitrogen Dioxide------------------------------ =936 
Sulfur Dioxide-------------------------------- =o3y) 
Sulfur Dioxide - 24-hour---------------------- = 937) 
Hydrogen Sulfide------------------------------ -938 
Total Hydrocarbons---------------------------- -938 
Methane--------------------------------------- “259 
Non-Methane Hydrocarbons---------------------- -940 
Carbon Monoxide - l]-hour---------------------- -941 
Carbon Monoxide - 8-hour---------------------- -942 
OBenG=< seSsaSes Se aoe Se Se a See -943 
Particulate----------------------------------- -944 


FUNCTIONAL. DEPENDENCE OF RECORDED PARAMETERS 
UPON WIND DIRECTION 


Nitrogen Oxides (NO) == ——-—---—- ~~~ ~~ ~~ -946 
Nitric Oxide (NO) ----------------------------- -947 
Nitrogen Dioxide (NO,)------------------------ -948 
Sylligus Werle seis = oS SSS SS oe -949 
Hydrogen Sultide (HS) —-==—--—-—----_----------— -950 
EO Gael ec @ Cae Ons = ee ee ee -951 
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MARIE AVL ET FUNCTIONAL ‘DEPENDENCE ‘OF "RECORDED PARAMETERS 


UPON WIND DIRECTION 


Methane--------------------------------------- IT B-952 
Non-Methane Hydrocarbons---------------------- 953 
Carbon Monoxide--—-—-——— == == -954 
Ozone-- -----------+------+--------- -------- = -- -955 


DIURNAL VARIATION OF VARIOUS RECORDED 


PARAMETERS 
Nitrogen Oxides------------------------------- 257 
Neerte (Ox des er -958 
Nitrogen Dioxide---------------------~-=------ -959 
Sulfur Dioxide---~---------~-----+-------------- -960 
Hydrogen Sulfide------~----------------~-~----- -961 
Total Hydrocarbons---------------------------- -962 
Meth ane== == ee -963 
Non-Methane Hydrocarbons---------------------- ~964 
Carbon Monoxide------------------------------- =965 
Ozone----------------------------------------- -966 
Hourly Total Precipitation-------------------- -9o7 
Wind Speed 
eisceas-—4 ee oe ee ee ~968 
30 feet----- ee ee ee ee eee nee ~969 
100 feet--------------~------+---------------- =970 
200° feet == a= = “971 
Wind Direction 
8 feet-------------------+------- 22 ------- “972 
30 feet----------------------------------- =973 
100 feet--------------------~-------------- -974 
200 feet----------------------------------- -975 
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GABLE VELL DIURNAL VARIATION OF VARIOUS RECORDED 


PARAMETERS 
Wind Direction Standard Deviation 
Cee ee eae net See eee See Saye as II B-976 
QO SeeeSech Se oe eSes Heese See ee ee Se eee see seit 
100 feet----------------------------------- -978 
200 feet-------------~-----~--~-~_-----_---- -979 
Hezazontel Wind Direction \Standaxnd 
Deviation 
30 feet---------------------------------- ~980 
W0Q Tee@ss-ses5sa55e525 55 Shee sees sees= ~981 
DOO Gece st Gas Se es oes SB Ne See e ee ae Sue 
Relative Humidity 
8 feet----------------------------------- -983 
30 feet----------------------------------- goo 
100 feet----------------------------------- -985 
200 feet----------------------------------- -986 
Temperature 
8 feet----------------------------------- -987 
30 feet----------------------------------- -988 
LOO c@Bie- Seo Se SSS See Se Se 6 eee -989 
200 feet----------------------------------- -990 
Hourly Total Solar Radiation------------------ EO9n 
Temperature Change from 30' to 100'----------- 7992 
Temperature Change from 30' to 200'----------- -993 
Barometric Pressure--------------------------- -994 


Bi-Vane Wind Speed 


Bo) GaSe os eS See Hee coe Soe eee SSS SES S663SS5 -995 
ONO} = (Sy eh er SS eee nee ae ee -996 
JOO Geet. sae Seca as ee eee Bo cece Se fae -997 
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GasiE. Wie DIURNAL VARIATION OF VARIOUS RECORDED 
PARAMETERS 


Horizontal Bi-Vane Wind Direction 


30° “feet [2a ass arses 


Vertical Bi-Vane Wind Direction 


30. feet— === — = 

100 feet---------------- Mv SSR ee eS 

200: feet a See 
Nitrogen Oxides--------------------------- 
Nitric Oxide---------------- ==. 5-2 -_ 
Nitrogen Dioxide-------------------------- 
Si bulesa soe: UO pies ako (e Se 
Hydrogen Sulfide-------------------------- 
Total Hydrocarbons-----~------------------ 
Methane——— == == ae ee 
Non-Methane Hydrocarbons------------------ 


Carbon Monoxide--------------------------- 


Hourly Total Precipitation---------------- 


Wind Speed 


100 feet'+ + Soe. oS SS Se SaaS ae 
700 feet -_- Se - a aoa ee 


Wind Direction 


30 fect] --s-2e- See ee eS eee 
100 feet ----=--2-ee See eee eee 
200 feet-= -<-<-426s 55-220 2. eee 
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DIURNAL VARIATION OF VARIOUS RECORDED 


PARAMETERS 
Relative Humidity 
SNR eer a anaes Ree een ERAS ee ek TE -B-1023 
30 feet----------------------------------- -1024 
100 feet----------------------------------- -1025 
DOIG) Bete e SS ss eee -1026 
Temperature 
§ feet---------~-------------------------- -1027 
80. Ba@boss Sos ses 25 oS a os eS ~1028 
MOQ Beets s-ees =4 ses = LOZ? 
DOO HGR aE Eos SSeS oe 8 ee ee -1030 
Barometric Pressure--------------------------- -1032 
Solar Radiation------------------------------- 1031 
Bi-Vane Wind Speed 
B() gee ee ee ee ese -1033 
NOME cela eter ee ee ee re eet eee 034 
200 feet---------------------------------- =1055 
HOrrzoneadl Bi-Vame Wind Direction 
30 feet--------------~-------------------- -1036 
100 feet---------------------------------- -1037 
200 feet---------------------------------- -1038 
Stability Class Determination Using 
Pyranometer Recording------------------------- ~1039 
Stability Class Determination Using 
DEMO? Clever 4 poses soe oO SRSINSONeS. =e -1040 
Stability Class Determination Using 
DEY D2 (Level 2) -1053 
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APPENDEX yA - + STABILITY WEND 


8-foot level 


100-foot level 


200-foot level 


Percentage of Occurrence 


8-foot level 
30-foot level 
100-foot level 
200-foot 


level 


Page 
ROSE DIAGRAMS ------------------ II B-1067 
Stability Class A-------------- -1070 
Class B-------------- - 1072 
Class C-------------- -1072 
Class D-------------- -107S 
Class E-------------- -1074 
Class Total---------- -1075 
Stability Class A-------------- -1076 
Class B-------------- -1077 
Class C-------------- -1078 
Class D-~--~----------- -1079 
Class E-------------- -1080 
Class Total---------- -1081 
Stability Class A-------------- -1082 
Class B-------------- -1083 
Class C-------------- -1084 
Class D-------------- -1085 
Class E-------------- -1086 
Clasc totale 108% 
Stability Class A-------------- -1088 
Class B-------------- -1089 
Class C---+----------- -1090 
Class D-------------- -1091 
Class E-----+---------- -1092 
Class Total---------- ~ -1093 
of Wind Direction 
Se eee oe ee See See -1094 
----------------------------- -1095 
we ------- - - = -- - -- - -- -- - -- -- -1096 
ee ee Oi -1097 
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Tyg GENERAL DESCRIPTION OF AIR MONITORING PROGRAM 


Radian Corporation, under contract to the C-b Oil 
Shale Project, is performing the data compilation and reporting 
of air quality and meteorological data at one monitoring site 
in Northwest Colorado. The site measures and records concen- 
trations) of particulates, sulfur dioxide, oxides of nitrogen, 
hydrogen sulfide, total hydrocarbons, methane, and carbon 
monoxide. A 200-foot meteorological tower provides wind 
direction, wind speed, temperature, and relative humidity data 
at four levels (8, 30, 100, and 200 feet). Other meteorological 
variables measured at the tower site are insolation, barometric 


pressure, and precapi tation. 
Figure I shows the configuration of the monitoring 


station. The station provides a sturdy and protective covering 


for the monitoring equipment. 
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rps DESCRIPTION OF INSTRUMENT SYSTEMS 
A. Air Quality Instrumentation 


Nitrogen oxides are measured with a Meloy Model NA520 
analyzer. This dual-channel analyzer is based on the chemilu- 
minescent principle and continuously monitors both NO, and NO. 
A subtraction circuit in the instrument provides a continuous 
NOS output,” buts’ not used im! Radian's!system:rtNOsnis cal= 
culated once a second by the computer by subtracting the NO 
value from the NO, value, thus avoiding any drift which might 
eceur-in the NO. output of the instrument.9. This dmstrument has 
a minimum detectable sensitivity of 5 ppb (parts per billion) 
and a linearity of +1%. 


Both sulfur dioxide and hydrogen sulfide are measured 
with Meloy Model SA185 sulfur analyzers. The hydrogen sulfide 
analyzer uses a Meloy Model NO,-1 sulfur dioxide scrubber and 
the sulfur dioxide analyzer uses a Meloy Model H,S-1 hydrogen 
sulfide scrubber. The Model SA185 is a continuous analyzer and 
utilizes the flame photometric principle of operation. The 


minimum detectable sensitivity is 5 ppb and the linearity is +1%. 


Ozone is measured with a Meloy Model 0A350 analyzer. 
This instrument, based on the chemiluminescent principle, pro- 
vides continuous measurement of ozone. The minimum detectable 
Seugsitivity is 0.5 ppb -and "the “imearity tis 21%. 


Total hydrocarbons, methane, and carbon monoxide are 
monitored with a Bendix Model 8200 gas chromatograph analyzer. 
This instrument, which uses a plume ionization detector, has a 
minimum detectable sensitivity of 5 ppb for all three components. 
The Model 8200 works on a five-minute cycle, i.e., one air 
sample is analyzed every five minutes, and the results are dis- 


played for five minutes via a sample and hold circuit. 
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The air sample is drawn in through a glass cane and 
manifold supplied by the Ace Glass Company. The svstem has a 
25mm diameter, through which a constant air flow is provided 
by an air pump rated at 60 cfm at 0" head pressure. The manifold 
has sampling ports to which 1/4" teflon lines to the instrument 
are connected. All joints in the sampling system are secured by 
O-ring compression fittings. The manifold is contained in a- 
heated (100°F) chamber to prevent condensation of moisture. The 
teflon lines from the manifold to the instruments are insulated 
with 1/8" wall thickness rubber tubing. 


The trailer has four heavy duty high volume particu- 
late samplers (Hi-Vols). Fiberglass filter paper is used for 
the collection of particulate samples, after which each £etees 
is brought to a controlled humidity before weighing. Each Hi- 
Vol has a flow recorded to permit correction for changes in air 
flow as the filter becomes loaded with particulates. Each Hi- 
Vol runs for a 24-hour period (midnight to midnight) and is 
turned on and off by the computer. The Hi-Vols, which were 
manufactured by Radian, were designed following guidelines re- 
commended by the Environmental Protection Agency. 


In addition to the normal Hi-Vol particulate samples, 
a duplicate Hi-Vol sample is collected every sixth day on 
special filter paper for trace element analysis. Once each 
quarter these samples are composited and analyzed for gross 


radioactivity and trace element content. 
B. Calibration Procedures 
The trailer contains a Meloy Model RAD-1 calibration 


unit. This instrument provides a zero air supply, SO, span gas 


from an SO, permeation tube, and NO span gas obtained by precisely : 
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The Model 8200 total hydrocarbon, methane, and carbon 
monoxide analyzer is calibrated with undiluted span gas obtained 
fFrom-AirCo' s Rare and Specialty Gas Division. -.This .span as. ;con- 
tains methane and carbon monoxide in air, the methane being used 
to calibrate both the total hydrocarbon channel and the methane 
channel. The Model 8200 is zeroes with air from a Bendix Model 
S654 Zero air unit. “In addition, the instrument is electronically 


re-zeroed at the start of every five-minute cycle. 


The Hi-Vol particulate samplers were calibrated using 
a Calibration Kit from General Metal Works. 


Ca Data Acauissi eon System 


The basis of the data acquisition system is a Data 
General NOVA 1200 minicomputer. The NOVA, which has a basic 
cycle time of 1.2 ysec, is equipped with automatic program load 
and power fail/automatic restart features. The computer utilizes 
16K 16-bit words of core memory. Analog-to-digital conversion 
is accomplished via an ADC built by Radian Corporation. The 
input/output unit for the system is Texas Instrument's KSR 733 
keyboard/printer. This model teletype provides keyboard entry 
and hardcopy printed output. The data are also recorded on a 
Cassette magnetic tape unit with three drives. The cassette 
unit is utilized for program storage and loading as well as for 
recording. To reduce wear on mechanical parts, the power to the 
teletype and cassette units is turned on only when the unit(s) is 
(are) to be used. Several important functions in the instruments 
as well as in the computer and the trailer are monitored by means 
of lights on a System Status Panel. These data lights are written 
onto cassette tape to monitor the complete status of the system 
every five minutes. The Data Acquisition System also monitors 
the presence of 100V power from the power lines. In its absence, 
the computer, which is powered by batteries, switches all trailer 
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Systems to battery-provided power. If the line voltage is 
restored before the batteries are discharged to a specified 


level, the trailer system is switched back to line power. 


1D ge Meteorologiéal Instrumentation 


200-Foot Meteorological Tower 


The tower has instrumentation at four levels: 8 feet, 
30 feet, 100 feet, and 200 feet. At all four levels, there are; 
wind speed, wind direction, and temperature and relative humidity 
sensors in a power-aspirated radiation shield. Temperature 
difference thermistors (also in power-aspirated radiation 
shields) and their associated circuitry take lapse rate measure- 
ments for the 30-foot to 100-foot layer and the 30-foot to 
200-foot layer. In addition; this site has a Precision Spectras 


Pyranometer, a barometer, and a tipping bucket rain/snow gage. 


The wind direction and speed apparatus used at each 
measurement level of the tower is the Model 1074-2 wind sensor 
by Meteorological Research, Inc. (MRI). This sensor has a 540° 
potentiometer for wind direction and a light chopper for wind 
speed. This sensor is rugged, with an all-weather coaxial cup 
and damped vane assembly. The prototype model has been in 
operation for years under the most demanding weather conditions, 
performing continuously with the utmost reliability. The wind 
sensors on the tower have been specially treated with a black 
paint which will promote warming of the exposed surfaces of the 
sensor and thereby reduce ice and snow accumulations on the 
moving parts of the apparatus. The specifications on the Model 
1074-2 are as follows: 
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Wind Speed 


Stereine Thresnold: 
Response Distance: 
Flow Coefficient: 


Accuracy: 
Wind Direction 


Stazcane Tareshold: 
Delay Distance: 


Damping Ratio: 0.5 


Accuracy (540° system): 


Range: O° to 540°. 


Ce) mipae 
18 feet (63% recovery). 


7.9 feet/Revolution. 
+0.4 mph or 1% (whichever is greatest) 


Oo. /> mph. 


4 feet (50% recovery). 


ge, Oe 
sl Lg 


The relative humidity and temperature sensors are 


mounted within a power-aspirated 
level. 
by MRI. 


Maximum radiation protection to the sensor. 


Grawns«into the shield and 2across 
rps Intake 
from a hemispherical space which 


15 feet per second. 


from the tube opening. Speed of 


perhiphery of this hemisphere is 


The temperature sensor 
and resistor network. 


change with an air temperature change. 


radiation shield at each tower 


All aspirators and sensors are of the Model 840 Series 


The aspirated shielded housing is designed to provide 


Ambient air is 

the sensors at approximately 
air is essentially sampled 

is approximately 3-inch radius 
the incoming air at the 
approximately 1 mph. 


is comprised of a dual thermistor 


This circuit provides a linear resistance 


The relative humidity 


sensor is placed alongside the temperature elements inside the 


shield where it is exposed to a constant flow of air. 


Ci -eulatvon 


to both sides of the sensing element produces accurate monitoring 


with a good response time. 


ments are as follows: 


The specifications on the sensing ele- 
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Temperature 


Accuracy: +0.25°C. 
Range: -50°C to +50°C. 


Humidity 


Accuracy: ~23-07 Ri: 


Range: 0% to 100% Relative Humidity. 


Measurements of temperature difference are taken for 
two layers, the 30-foot to 100-foot and the 30-foot to 200-foot 


layer. The thermistors and circuitry used for these measurements 


are separate from the thermistors measuring air temperature. The 


use of separate thermistors and circuitry to measure AT allows 


for much greater accuracy and resolution in the measurements, 


which is necessary for stability assessments. Two AT thermistors 


are at the 30-foot level, one is at the 100-foot level, and one 


is at the 200-foot level. All of these AT thermistors are mounted 


within power-aspirated radiation shields. 


the sATrinstrumentatiron sarebhas foblowst 


Accuracy: +0.1°C. 


The specifications on 


Range of AT Circuit (Lower Level-Upper Level): 


+9F° to -9F°. 


All instrumentation, except at the ground level, is 


mounted at the end of 12-foot retractable booms. These booms 


are 3-inch box beams which are on rollers and can be retracted 


to the instrument platforms for instrument maintenance. 


The meteorological tower itself is a 200-foot Rohn 
Model 80 Guyed Tower, designed for 40 pounds per square foot 
wind load with 3%" of radial ice per EIA Standard RS-222-B, to 
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Support four levels of meteorological equipment. The material 
consists of tower sections with a tapered base, three retractable 
booms 12-feet long, three outside work platforms, an inside 
ladder for climbing, two base ground kits and one anchor ground 
kit. The cable-type Safety Climbing Device consists of a cable 
and attachment mechanisms with a locking sleeve and safety belt. 
The tower is lighted and painted according to FAA specifications. 


The signals from the tower instrumentation are fed 
from multiple signal cables into transmitters mounted at the base 
Of tne: tower, -Atter signals Have been converted to analog 
Siemnals, they are fed into a junction box, also at the tower 
base, where they are assimilated into one coaxial cable. The 
Signals are then run underground within 3" PVC conduit to the 
A-to-D assembly, where they are processed. The transmitters are 
shielded and insulated from the elements. The signal cable is 
run underground in PVC conduit.in order to minimize damage from 


the weather or from various rodents in the region. 


The auxiliary equipment at the tower site consists of 
a heated tipping bucket rain/snow gage, an analog barometer, 
and a Precision Spectral Pyranometer. The rain/snow gage is the 
Model P511-E wnit by Weather Measure. In the case of this gage, 
the durability and reliability of a tipping bucket gage are 
combined with heavy-duty electric heaters to make this an all- 
purpose precipitation sensor. This gage may be used to measure both 
snowfall and rainfall. An insulating cover of poly-vinyl chloride 
and a thermostatic control insure the proper gage temperature. 
The thermostatic control is adjustable from 0 to 35°C. Snow 
falling into the inlet funnel is melted. The resulting water 
(from rain or snow) drains into a precision tipping bucket 
mechanism which activates a mercury switch each time the bucket 
fills and tips. The gage is constructed of durable corrosion- 


resistant materials to provide many years of service. The 
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specifications for this gage are as follows: 


Qritice = © inches. 

Caltipbration-/, 0401) inch 

Acecuracy:-» 0.5% (Calibrated at G75 ia, 
Sensor: Chrome-plated tipping buckets. 

Switch: Mercury, 0 .l-second closure: 

Heat Control: Thermostat adjustment, 0 to 35°C. 


The barometer is the B242 Analog Output Barometer by 
Weather Measure. This barometer provides an output voltage thas 
is linearly proportional to pressure. The specifications on thus 
instrument, which is mounted inside the monitoring trailer at the 


Site. are as zollows: 


Range: Specially designed for the 100 millibar 
interval’ from /25° millibars, to,.625 mi Mliipers 
Resolutzvon: -°tatini tee 

Linearity:*+,20°95 millibar, ever the 100 °milibeae 


intervel. 


The pyranometer at the site is the Eppley Precision 
Spectral Pyranometer. This instrument is used for the measure- 
ment of sun and sky radiation totally or in defined wavelength 
bands. The pyranometer is levelled and mounted atop a wooden 
stand 4% feet from the ground surface. Care has been taken to 
eliminate the effects from all outside influences, such as 
reflection or shadows, on the pyranometer. The instrument 


echaracteristacs ‘are as £01 lows: 


Sensitivity?" 5-mv.*per cal/cm®°/min. 
Independence: 300 ohms. 

Temperature dependence: Sensitivity constant to 
within +l percent over the ambient temperature 
range from -20 to +40°C. 
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Linearity: Response linear up to intensities 
of 4 cal/em-/min. 
Response time: 1 second (i/e signal). 


All instrumentation 1S tactory—-calibrated and is “field- 
calibrated at various intervals. Sling psychrometers are used to 
calibrate the humidity sensors; known temperatures and/or resis- 
tances are used to calibrate the thermistors; and an rpm cali- 
brating unit is used to calibrate the anemometers. The wind 
Giueerlon instrumentation is aligned to true north (seference 


direction) by means of a surveyor's transit. 
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eee MICROMETEOROLOGICAL AND TERRAIN FEATURES 


The Piceance Creek Valley and C-b Shale Oil Tract are 
situated such that many microscale meteorological phenomena 
affect the region where the ambient air monitoring unit is located. 
Trailer 023 and its associated 200-foot meteorological tower are 
located atop a plateau to the south of the valley, high enough 
to be affected mostly by gradient flow conditions. 


The elevation at the meteorological tower site (Trailer 
023) is 6940 feet above sea level. The largest gradients in eleva- 
tion in this area, of course,.oceur at the Piceance Creek Valveg 
walls. However, the northern valley walls are slightly steeper 
than those at the southern boundary of the valley, which then 
slopes upward gradually toward the C-b Tract. The Piceance Creek 
Valley decreases in elevation from east to west in this area, so 
that nighttime katabatic cold-air drainage flows advect from east 


LOnwes =. 


Site 023 is approximately 2.5 miles south of ene 
Piceance Creek Valley. This location is relatively high com- 
pared to its surroundings, with the nearest point having an eleva- 
tion greater than 7000 feet being .5 miles to the south of the 
tower. The tower itself is on the top of a small knoll located 
between Scandard and Sorghum Gulches. Because of its location 
and the irregularities of the surrounding terrain, meteorological 


patterns are varied here. 


Wind instrumentation is mounted at four levels of the 
meteorological tower: 8 feet, 30 feet, 100 feet, and 200 feet. 
The top level of the tower generally remains in gradient wind 
flow. That is, the winds at that level are normally generared 
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by synoptic-scale features and are usually separated from terrain 
features and micrometeorological circulations. Occasionally, a 
weak anabatic flow influence is experienced. However, such is not 
the case with the three lowest measurement levels. To varying 
degrees, these levels are influenced by both the katabatic and 
anabatic circulation cells. However, when strong pressure gradient 
forces exist in the region and the synoptic-scale wind flow is 
strong, all four tower levels will reflect a gradient wind flow as 


the winds increase in strength and height. 


The terrain atop the plateau is generally barren and 
fairly rugged, with a few scattered small trees. The topsoil 
dries rapidly and is very fine, resulting in blowing dust when 
Gry, windy Conditions exist.~~ In” the Piceance” Creek Valley, the 
terrain is fairly grassy and flat, with steep valley walls on 
either side. Surface winds are normally rather light in this 


valley unless channeling effects occur. 


During clear nights with rather light pressure gradient- 
induced winds, rapid radiational cooling will occur in the region 
because of the barren nature of the terrain and the generally 
Gey character. Of the air in this portion of the country. “Asa 
result, the diurnal range of temperatures will be extremely 
large. Because of the katabatic flow in the valley, nighttime 
temperatures will generally be lower in the valley than on the 
plateau. During the winter, especially, temperatures in the 
valley may be 20F° lower than they are on the plateau during the 
early morning hours. 
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ii OPERATING TIME ANALYSIS FOR EACH SITE 


This section presents the operating statiser1es toe 
each of the major subsystems contained in the monitoring station. 
Table I shows the specific number of hours that each of these 
subsystems were inoperative for the month. The column labeled 
"DIGITIZING SYSTEM" indicates the entire, data acquisition systems 
therefore, downtime hours appearing in this column means total 
loss of data. These instances include, in addition to compuces 
downtime, power failures, no power available, and self-automated 


shutdown periods such as during air conditioner malfunctions. 


Calibration time is not considered to be downtime and 
is, therefore, not included in the downtime figures. The amount 
of time used in calibrating the instruments is given at the 
bottom of the downtime analysis table and is reported as total 
calibration hours for each channel for the entire month: » Asta 
evident in the calibration figures, channels can be calibrated 
independently of one another. No calibration time is given for 
particulate monitoring since Hi-Vol calibration occurs, intre— 
quently and only during the off-duty cycle for each Hi-Vol 


while another Hi-Vol is taking data. 
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ve MONTHLY METEOROLOGICAL SUMMARY 


A. Summary of the Meteorological Conditions over North 


America duzing February  .9a7 

February 1977 brought above normal temperatures to the 
western and Rocky Mountain sections of the United States. In 
addition, the northern and central Plains regions experienced 
above normal and slightly above normal temperatures, respectively. 
All other sections of the country experienced normal or below 
normal monthly average temperatures. Monthly precipitation totals 
were, at best, slightly below normal in all sections of ene 
country. The long wave circulatory pattern for February featured 
a mean ridge in the westerm United States and a long wave trough 
in the eastern United States. © ‘This pattern aceounted=for theuanumm 
normal temperatures in the western sections of the country. and 
below normal temperatures in eastern sections of the country. 
The northern location of the storm tracks and polar front jet 
stream accounted for the below normal precipitation over most 


sections of the United" States. 


The long wave circulation was meridional (north-south) 
from the 6th through the 8th, =from-the 12th ‘through “he Zise. 
and on the 27th and.28th. - Split. flow. occurred from the Ist thregem 
the 5th, from the 9th through the llth, and from the 22nd threueg 
the 26th. 


Extratropical low pressure systems were frequent in the 
United States during February because of the strength of the polar 
front jet stream. (The polar front jet stream is normally well 
developed during February.) Numerous low pressure systems 
developed during the month, affecting primarily the Great Lakes 
area. The dates and locations of these low pressure systems are 


as. follows: 
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2nd. =8'3r0- 


4th: 
Syitol 
LOth : 
En: 
Sch: 
14th: 
LSith:: 
20th 
22nd 
26th: 
27 CH: 
Zech: 


= O2MIS.C. 
ce 23c0e 


Northern Great Lakes 
Great Lakes 

Atlantic Seaboard 
Pacific Northwest 
Northern Great Lakes 
Great Lakes 

New England 
Northern Great Lakes 
New England 

Great Lakes 
Mississippi Valley 
Great Lakes 

New England 


On a sectional basis, the following temperature and 


precipitation anomalies existed during February. 


Section 


Northeast 
Atlantic Seaboard 
North Central 
Central 


Southeast 
Southwest 
Rockies 


West and Pacific 
Northwest 


Temperature 


Near normal 


Near normal 


Above normal 


Slightly ab 
normal 
Sitchtiy =be 
normal 


Near normal 


Much above 
normal 


Above normal 


1esB 


Precipitation 


Slightly below normal 
Much below normal 
Below normal 


ove Slightly below normal 


low Below normal 

Variable; mostly slightly 
below normal 

Much below normal 


Much below normal 
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B. =Summanryoor ‘the Meteorological Conditions in 


Northwestern and West Central Colorado During 
February 1977 


Grand Junction, Colorado, sixty miles to the south- 
southwest of the Tract C-b, received a total of 0.06 inch of 
precipitation during February, which is 0.55 inch below the 
monthly normal of 0.61 inch. Grand Junction received only a 
trace of snow during February. Measurable precipitation occurred 
only on the 22nd. The region received 91 percent or the possible 
monthly sunshine. Sky cover by cloudiness averaged 5.0 out of 
a possible 10 during the daylight hours and 4.2 out of a possible 
10 during the entire month. The region had nine clear days, 
eight partly cloudy days, and eleven cloudy days during the month. 


Five frontal passages occurred during February. These 
frontal passages occurred during the latter half of the month as 
a long wave ridge dominated the western sections of the country. 
Temperatures in the Tract C-b were cool due to seasonal in- 
fluences. Transport winds were stronger in February than in 
January. Maritime polar cold frontal passages occurred on the 
llth, 13th, 22nd, and 24th. A weak continental polar cold team 


tal passage occurred on the 26th. 
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CC. Summary of the Meteorological Conditions in the 


Qmie Sha les iact yC-—bs Region, during February Oa 7 


An upper-level ridge which had a mean position over 
the western United States was responsible for the below normal 
Pee cipaeatLonetObals=whieh occurred in, the, Tract, C=b- region 
during February. Precipitation occurred on the 22nd and 26th 
of February. Some minor troughing in the western United States 
was responsible for the precipitation. Temperatures in the 
Tract C-b region were above normal during February since most 
of the extremely cold continental polar air masses were 
directed toward the eastern half of the United States during 


the month. 


Five frontal passages occurred during February. Mari- 
meme, polar cold frontal passages occurred on the llth ,- 13th, 
22nd.,.and) 24ch., PASweak continental “polar cold, frontal passage 
occurred on the 26th. 


The monthly average temperatures recorded at the 
meteorological tower during February were: 29.2°F at 8 feet; 
Beno tate 30 (fect) 2903 P¥ar N00 fects and/ 27 0; F “at200. feet; 
These averages are approximatelv 6F° higher than those recorded 
in January. The warmest days of the month were the 16th through 
the 21st. The coolest days were the 25th through the 27th. The 
highest temperature recorded at the meteorological tower during 
February was 55°F at the 8-foot level on the 20th. The coldest 
temperature recorded at the meteorological tower was 6°F at 


the 8-foot level on the morning of the 26th. 


Monthly average relative humidities during February 
were lower than they had been in January in the Tract C-b 
region... Phas decrease ‘can be attributed ‘to. an. inerease in 
monthly average temperatures. At the meteorological tower, the 
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monthly average relative humidities were: 64.3 percent at 8 feet; 
9 .O- percent —at-100 feet ;—and 660" percent ar 200) feee = nese 


ative humidities correspond to dew points of 1S Se 20: 5 ae 


ne 
and 18°F, respectively. The relative humidity sensor at the 


30-foot level was inoperative for most of the month. The most 
humid days of the month were the 2nd, 22nd’, 25th," and 2oth esas 


driest days were thre 8th,” 9th, 10th, P/7th, L6éth. 20th ances 


Wind speeds on the meteorological tower during February 
were approximately the same on the average as the winds that pre- 
vailed during January. Resultant wind vectors at the meteorological 
tower during February were: 254.8 degrees at 1.3 miles per hour 
at 8 feet; 251.3 degrees at 1.9 miles per hour at 30 feet; 259.1 
degrees at 2.2 miles per hour at 100 feet; and 262.0 degrees at 


2.9 miles per hour at 200 feet. 


The scalar average wind speeds associated with these 
resultant wind vectors were 3, 5, 6, and 7 mites per hous, 
respectively. The Ekman spiral and Ekman effect, i.e., a veering 
in direction and increase in speed as a function of increasing 
height above the surface, were in evidence during most of February. 
A reference to the February wind roses for the meteorological 
tower indicates that the winds at that location were primarily 


west-northwesterly at all four levels. 


The windiest days of the month at the meteorological 
tower were the 2lst through the 25th and the 28th. The days having 
the lightest winds were the’ 3rd, Sth, 6th, 7th, and 2Oen eee 
highest five-minute average wind speed recorded at the tower 
during February was 38 miles per hour at the 200-foot level on 
thes Zisit. 


Precipitation totals in the Tract '€-b Monrterine ee < 


work during February were generally very much below normal. 


TT" B=895 


RADIAN 


CORPORATION 


Only..0 04; ineh. Of precipitation was recorded at the meteorological 
tower, during February. .The largest daily precipitation ‘total 
recorded in the network during February was 0.03 inch on February 
Pond. Ihe greatest five-minute precipitation total recorded 
duning sthesmonth was. 0.0] ineh. (a. precipitation rate of 0.12 inch/ 
hous). cecorded)on the,22nd and 26th, Measurable precipitation 
(>.01 inch) was recorded at the meteorological tower on the 22nd 


and 26th. The precipitation was in the form of snow. 


The monthly average station pressure during February 
was 790.6 millibars at the meteorological tower. This reading 
isu. millibars higher, than the January average station pressure 
of 788.1 millibars. The highest daily average station pressures 
occurred on the 7th, 12th, and 19th. The lowest daily average 


BeteloOn pressures occurred from the 21st throuen che 25th. 


Cloudiness decreased in the Tract C-b region during 
February, compared to the January cloud cover and insolation 
Statistics. The region received an insolation total of 7844.1 
langleys, which is equivalent to a daily average insolation total 
of 280 langleys/day. This average is slightly below the normal 
more hebruary of 300, langleys/day, in the Tract. C-b region... On a 
diurnal basis, the greatest solar radiation rates occurred 
between 1100 and 1300 hours. The greatest daily radiation totals 
meme received on the 19th, 20th, 23rd,. 2/7th,.and 28th. The 
lowest daily solar radiation totals were received on the lst, 
2nd, and 22nd. The greatest five-minute radiation total re- 
ceived during January was 6.60 langleys (a rate of 1.32 langleys/ 
minute), which occurred on the 27th. The largest hourly insolation 
total received during February was 63 langleys, which occurred on 
the 27th between 1100 and 1200 hours. 


Because of the progressively increasing solar elevations 


and the increasingly longer periods of daylight that prevailed 
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during February, the total possible solar radiation which could 
be received during a day increased monotonically throughout the 


month. 


The increase in insolation which affected the Tact =e 
during February caused the "'very unstable" stability classes to 
become more common then they had been in January. Using the 
Pasquill method of stability determination, "D Sedbs bury 
(neutral stability) was the most common stability . oceurE ae 
during 8/7 daytime hours, .or 42.4 percent of the time.) Pavde— 
creasing order of frequency, “"C’" (slightly unstable) seabiemes 
occurred during 76 hours, or 93/7.) percent of the Eime. anc 
(very unstable) stability.occurred during 41 Hours. or 20se 
percent of the time. "A" (extremely unstable) stability occurred 


during only one daytime hour. 


Using the lapse rate method of stability determination 
7) 
stable ("F") stability classes were the most prevalent during 
February. In general, stable and/or neutral conditions prevailed 
during the nighttime hours and unstable and/or neutral conditions 


prevailed during the day. The following table is a diurnal break- 


down of the various stability classes. As one proceeds from "A" 
. to "F", the stability class ranges from extremely unstable to 
extremely stable. The column labeled “number of occurrences" 
indicates the number of times a particular stability class 
occurred during the month on an hourly basis. Level I presents 
the temperature change versus height values a that were con- 
Sidered between 30 feet and 100 feet. Level {fI indicates the 
values that were considered between 30 feet and 200 feet. 


Using the standard deviation of the horizontal wind 
(4) method of stability determination, "D" stability was the 
most common stability classification at the meteorological tower 
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because OL Ene modewmately Strona winds that normally o¢eurred at 
Bia MOcaetone tt Ine staple yeiarStrrputitons for the 30-, L00-, 

andeZ0W-cooc Levelisiwere samitar4, There-foot level otjthe tower 
exhibited higher percentages of the unstable classes because of 


excessive mechanical turbulence. 


The bivanes at the 30-, 100-, and 200-foot levels of 
the meteorological tower indicated a pattern of upward vertical 
motion (negative vertical directions) during February. Upward 
vertical motion was more pronounced during the nighttime hours 
at the 100-foot level during February (probably because of 
lower wind speeds), but this diurnal patter was reversed (i.e., 
upward motions were less pronounced) at the 200-foot tower level. 
At the 30-foot level, downward vertical motions were greatest 
during the daytime hours, a result which is quite unusual 
considering the proximity of the sensing level to the ground. 
Upward vertical motions were greatest during nighttime and 


early morning hours. 


The Co values obtained at the 30-, 100-, and 200-foot 
levels using the bivanes compared favorably with the C6 values 
obtained at those levels using the standard wind instrumentation. 


However, o. values were obtained only for the first three days 


C) 
of February. 


\ 
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Vie DATA PRESENTATION AND SUMMARY 


This section includes summaries for various recorded 
Gate at the monitoring. sites:s.Ihne data.presentations, indicate 
the variability of pollutant concentrations and meteorological 
parameters with location and time. In addition, the presenta- 
tions indicate the functional dependence of pollutant concentra- 
tion with wind direction. All data except suspended particulates 
(24-hour samples) are sampled once each second, but recorded as 
five-minute arithmetic averages of the one-second samples. This 
averaging technique tends to smooth instantaneous maximum values, 
and is especially evident when comparing wind gusts to local 


weather bureawcdata. 


Inherent to any data acquisition system is random noise 
both from the recording instruments and quantization in the ana- 
log-to-digital conversion. The lower threshold for all analytical 
instruments is twice the maximum noise level generated by the 
imceruments > rhs Lower “threshold is 5 ppb for all instruments ,; 
except for the ozone analyzer, for which it is 0.5 ppb. There- 
fore, any values appearing in the data presentations that are 
less than 5 ppb indicate only a trace of pollutant in question 
and should not be construed to be absolute bevels. In,addition, 
the recorded quantity is simply random noise and averages tend 
toward zero. Thus, when concentrations are below the lower 
threshold of the analytical instruments they may appear as a 
zero entry in the data presentation which does not indicate 


absolute zero concentration. 
MS polluecant data (excepe for particulate data) is 


taken at the monitoring site in integer parts per billion (ppb) 


but is presented here in micrograms per cubic meter (yg/m*) 
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assuming standard temperature and pressure of 25°C and 760 mmig € 
(1013.2 millibars), respectively. The seale Sactons zequeeee 
to convert ug/m*® at standard conditions back to ppb for the 


various pollutants “are given in the” follewine feabie: 


TO CONVERT ug/m? AT 25°C 
POLLUTANT AND 760 mmHg TO pob MULTIPLY BY 





The units of the meteorological parameters are given in 
the table. It should be noted here that inside temperature is 
monitored and recorded as a functional part of the system but is 


not presented in this report. 


Table III displays the monthly statistics for each 
monitoring station for the month. To insure statistical sig- 
nificance, and to reduce the possibility of introducing appease 
in the presentation, averages are computed only when at least 
50 percent of the samples are present, except for relative 
humidity and temperature, in which case 75 percent of the samples 
are required. If less than the required samples are present for 


a particular parameter, that entry will be blank. The number of @ 
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samples present for a partacular channel is defined as the total 
possible number of five-minute samples for the averaging time 
less the computer downtime less the channel downtime less the 
channel calibration time.” The averages in Matwkers! Its are jaezLth- 


metic averages with the following exceptions: 


-» Wind speed and wind direction are 
computed using a vector averaging 
technique where the wind speed is 


treated as the vector magnitude. 


. Particulate averages are computed 


as the geometric mean. 


Table IV displays the daily averages. Again, 50 percent 
of the five-minute semples are required in order to compute an 
average except for the cases of relative humidity and temperature 
which require 75 percent. A blank entry indicates an insufficient 
number of five-minute samples present for that day. 9 Windspeed , 
wind direction, and particulate averages are computed the same 


way es described in Table Iga 


Table V presents the maximum daily five-minute average 
retained in the data base as well as the time of occurrence. A 
five-minute maximum average is printed if any samples are present 
for that day. Therefore, the maximum five-minute average for a 
channel which experienced considerable downtime or calibration 
time during the day in question may be misrepresentative of the 


maximum expected for that channel on that day. 
Table VI indicates the five largest averages rapa 


various averaging times. The table shows the period of time 


covered by the average. Maxima are chosen so that time segments 
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are independent. The maximum averages reported are found using 


‘sliding average' technique with the exception of the 24-hour 


a 
particulate average, which is computed from midnight to midnight. 


or averaging times less than or equal to three hours, the slid- 
ing average is stepped one five-minute sample at a time.” Fox 
longer averaging times the step size is twelve samples or one 
hour. For averaging times less than or equal to one hour 100 
percent of the five-minute samples must be present to compute 
an average. Averaging times greater than one hour require 90 
percent. Whether or not a sliding average is computed is solely 
determined by the number of samples present in that averaging 


time and is independent of daily and monthly averaging criteria. 


To demonstrate the functional dependence of recorded 
parameters upon wind direction, Table VII shows pollutant con- 
centration displayed in a bi-variate distribution with wind 
direction. The tables display the total number of five-minute 
samples occurring in each concentration and wind speed class. 
The mean concentration for all samples occurring in each wind 
class are also shown. This distribution demonstrates ene 
dependence of high pollutant concentrations upon wind direction. 


Appendix A shows the stability wind rose diagrams. 


The wind speed classifications used in Appendix A are 
based on the Beaufort wind scale classification system. This 
is a system of estimating and reporting wind speeds, invented in 
the early nineteenth century by Admiral Beaufort of the British 
Navy. It was originally based on the effects of various wind 
speeds on the amount of canvas that a full-rigged frigate of the 
period could carry, but has since been modified and modernized. 


In its present form for international meteorological use it 


equates: (a) Beaufort force (or Beaufort number); (b) wind speed; 
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(ce) descriptive.terms, tends (d).vastblLe,ekiects uponyland objects 


or the sea surface. One land adaptation is the NRM wind scale. 


The six basic wind speed classifications used in the 
RepOrtnarecdy le Se knots, 4-6, knots, »/-l0uknots ,oll-L6.knots.,, 
lj-21 knots, and winds,of greater.than- 21, knots. — The-tollowing 
table is a complete description of the Beaufort Wind Scale, 


taken from Physical Climatology, by Helmut Landsberg, 1969. 


SSORD WEND SCALE FOR CBSERVATIONS £1 LAND STATIONS 


$$ 
Corresponding Limits of Wind Speed ! 
D 


| 


| 
| 
ash Specification for Use Ue at 10 meters ab.erd. 








Force - BXOnedac 
Race Knocs PiKn/br Mi/seco |) Fe/sec. | 
O | Calm... sees WOMOKEy TUSeSy Vemonicad Lyhcie vs «stslge setae) sieves ny Sabie} So? si) Os 1 | 
ibs imiostellis ebtigs Siocon ac ;Direction of wince shown by smoke drift, i | | | ' | 
in Bet noe Me rwindewedess. at... eoaees te MH3 vit Tearp ries ci0.3=305 | 1-5 | 
2; Light breeze.....jWind zelt on facez:leaves rustle:ordinary | | 
| | WERE TOW! ESP Ul soocaoanceodsooumoeEE | 6-7 § 6-6 , 6-12 | 1.6=3.3 | 6-11 | 
3 | Gentle dreeze....'Leaves and small cwigs in constant mo- | | | } | 
l) aticnceand excends dence) flacs. so. +. fe) S202) 7-10 7 A219 3-6-5240! 12-18 |) 
4 | Moderace breeze..;Raises dust and loose paper:small pran- i | | ‘ | 
| |) GRES GEE BENGE 55 csoccpoce sseeqecsonacn 13-18 | 22-16 | 20-28 | 5.5=7-9 19-26 | 
5 | Fresh breeze.....!Small trees in leaf begin to swey:wave- | | 
| i) decs’ sormed on inland waters). <-. . 2. <1 - |; 19-24 { 17-21 | 29-38 | S20 10-7 aa22—35 
6 | Strong breeze....!Lerzge branches in motion:whiscling heard | | : ; 
, in telegraph wires:umbrellas used with |! | | 
| GSES CUTE yieree crecseue ce veleiovereys leis eiel's/s) 2\e) a's) syere (is le 25=31) 1 22—27 39-49 | 10.8-13.8 | 36-45 
“ig ol oa | Rote 3 | | | 
| Reh WINK. sce « « iWhole trees in motion:inconvenience felt | 
when Walking against winds ccicec cise occ ) 32-38 : 28-33 50-61 13.9-17.1 |] 46-56 
8 mrneshy Fale....-. {Breaks twigs ofi trees:generally impedes | | | 
\ | DEO DSS Siexceyopererercte ood srcvercekonevereverstsveuceverelensterere i 39-46 | 34-40 | 62-74 17/.2=20.7'| 57-68 
9 | Strong gale...... ‘Slight structural damage occurs (chimney | | 
{ iporsmandmsiacesmremoved) semaine | 47-54 | 41-47 75-88 | 20. 8-24.4 | 69-80 
10 ! Whole Pale wicisicic cs Seldom experienced inland:trees uprooted: | | } 
| considerable structural damage occurs... 55-63 | 48-55 | 24.5-28.4| 81-93 
ll SEMIS goagncGo OKs 1Very rarely experiences:accompanied by j 
widespread damage..... 000060000 00000006 ; 64-72 | 56-63 | 103-117! 28.5-32.6 | 94-106 
12 Hurrs Cannel ciate. see |e Yotevaloret tah orafortiel-tetataletoteloleteisieievateretetereicveislielsyeieiei = | 73-82 | 64-71 | 118-133 reel 107-121 
Pe St CNEL gs Gasset e ese om ce arse mere G.kaciopet «is | 83-92 | 72-89 | 134-149] 37.0-41.4 | 122-136 
Ss. | SeteeeBaoeeeoo one DOTDGOOOOD DOO Go ado GUObO DD OODOOb SOC ODOGURE | 93-102 | 81-89 | 150-166 41.5-46.1 | 137-151 
PEE MEE MCICY Yoleyn or Norse cies orl (alec aratere ee clei sie at nie-al b'8) oS ESSER 6, bois aus LO SIRS ae 104-114 | 90-99 | 167-183} 46.2-50.9 ; 152-166 
16 ATA yore, 6 oon st orasec euaie ror eiake ete avaie Wiaibiesa vie atte Cais eiarsia-eln eyarhersie <a | 115-125 ; 100-108 | 184-201! 51.0-56.0 | 167-183 
LU. |). WOOO UOC eIS Oe [octet eee ete e cece eee eee e eee e cece eee eeeeeee | 126-136 | 109-118 | 202-220 | 56.1-61.2 | 184-201 | 





eS 
Source: Table 36 (p.119) in R.J. List (1951):Smithsonian Meteorological Tadles:Smithsonian Miscell.Coll.Vol. 114. 
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Table VIII demonstrates the diurnal variation of 
various recorded parameters. Hourly averages are determined by 
arithmeticallv averaging five-minute samples, except for wind 
direction averages which are computed vectorially assuming unit 
vector magnitudes. Totals in the diurmal wind direction tables 
are vector averages of the columms and rows. For all parameters, 
a blank entry in the diurnal variation table indicates that™ less 
than half. (i.e.o; Tess than 6) of the five-minute samples for 


that hour are present. 


All times given in the data presentation are Mountain 
Standard Time. 


To facilitate comparison of recorded concentrations to 
ambient air quality standards, the following regulations are 


presented. 
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TABLE II 
FEDERAL AND COLORADO STANDARDS 
Non-Designated 
Primary Secondary Area 
Particulate 
Annual G. M. 75 ug/m?> 60 ue/m? 45 ug/m* 
24 Hr. Max.* 260 150 150 
Sulfur Oxides 
Annual 80(.03ppm) -- 
24 Hr. Max. * 365(.14ppm) 15(.005ppm) 
3 Hr. Max. * -- 1300(.Sppm) -- 
l Hr. Max. ** -- -- -- 
Oxidant 
] Hr. Max. * 160(.08ppm) 160 
SeHr- Max. * -- -- 
Annual -- -- 
Hydrocarbons 
3 Hr. Max.* 160(.24ppm) 160 
6-9 a.m. 
Carbon Monoxide 
Max. 8 Hrs.* 10000 (9ppm) 10000 
Max. 1 Hr.* 40000 ( 35ppm) 40000 
Nitrogen Dioxide 
Annual 100(.05ppm) 100 


——————— 


Units are micrograms per cubic meter and ppm in parenthesis. 
*Not to be exceeded more than once per year. 


**Not to be exceeded more than once per month. 
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70 ug/m’ 
200 


60(.02ppm) 
300(.1ppm) 


800(. 28ppm) 


Designated 


1976 


55 ug/m° 
180 


25(.009ppm) 
150(.05ppm) 


300(. 1lppm) 


Area 
1980 


45 ug/m? 
150 


10(.004ppm) 
55(.02ppm) 





TABLE IIT 
AVERAGES FOR FEBRUARY 1 THRU 28 
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TABLE IV 
DAILY AVERAGES FOR FEBRUARY 1 THRU 28 
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According to the data presented in AEC Safety Guide 
No. 23, the relationships between stability classes and So are 
as Zoliows (the values shown are averages for each stability 
classiz=ication...9, is the standard deviation of horizontal 
Witla Glsection £lucstuatrans) 
Average Values 
Sitabiilzey Pasqui ll Gis 
Classitieation Categories (degrees) 
Extremely Unstable A 25 20m 
Moderately Unstable B 20..0° 
Slightly Unstable Cc 15400 
Neutral D noah 
Slightly Stable E 50° 
Moderately Stable F 2 5c 


Stability wind roses obtained at the trailers in the 
monitoring nétwork are displayed in the following wceabiesce 
Because of the relatively low heights above the surface (9 meters) 
at which the wind data is taken, the stability distributions are 
skewed toward the unstable end of the spectrum. That is, the 
unstable classes (A, B, and C) have a much higher frequency of 
occurrence than would be obtained with the Pasquill method of 


stability categorization (or with instruments at higher levels). 


Table 1 depicts the frequency distribution of Pasquill 


Stability categories based on so, frem data collected by Mate 


Pendergast and T. V. Crawford at the Savannan River Plant 
("Actual Standard Deviations of Vertical and Horizontal Wine 
Direction Compared to Estimates from Other Measurements" 
Symposium on Atmospheric Diffusion and Air Pollution, September 


9-13, 1974). Three distinct range patterns Of Stability bass 
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RADIAN 


CORPORATION 


7 


distributions were observed: low, mid and high, according to 


“he height at which the c, measurements were taken. 


Cr) 


TABLE 2 
FREQUENCY DISTRIBUTION OF PASOQUILL STABILITY CATEGORIES 


eee eee eee eee ee eee 


Stability Cecesectes 225k sec 





Hefehs A B E 0 3 Pr G 
eas C. ee ld 2a, <ca-iaer CN O SES SS 3 SS SE <. 2. <2 
= 2 7 le} ~ 7 = = 
19 22.5 less 2}.é z3.5 Soe) Ges 365 
: Z aay 2% - -"2 LOW RANGE 
ug Nes lives 18.4 ade i5.$ AS] Clas LOW RANGE 
Sy Ses Bigg iow ZORS AGES) nas Soe ag saan a 
1é2 7a0 2.3 Se5 Vet 23.3 Gs DOoe 
250 Zed S.3 9.4 Wolf 27.8 72.5 10.4 HIGH RANGE 
304 Wee So7 8.0 Nok AS ord 2B AS) Mies 


Also, Figure 1 (from=Deen. Slade, Meteorology and 
Atomic Energy, 1968, p. 52) demonstrates that tne line represent- 
ing very stable conditions (which by theiz nature are associated 
with light winds) branches into three separate lines near the 
sround. The curve at the left represents the smallest values of 
So usually observed. The curve that branches off to the right 
reflects the contribution of very low-level wind direction meander 
to the total standard deviation. These meandering oscillations 
decrease in amplitude very rapidly with height under stable 
conéitions. The central curve represents typical dmvexrsion 
conditions. Actually, for®a given stability condition, values of 
So will always be greater when the wind is light than when it is 
strong. This phenomena is most noticeable in the lowest layers. 
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© ry ’ . . 7 ‘ 
Lo} 5 ite) 15 2s fe s5 
SrANiGAna SD che wien Ge Vous ae ve if S222 -i2= 
C3 (¢eg) 
FIGURE ] 


The vertical variation of the lateral wind- 
¢irection standard deviation (c,.) for various stability 
regimes. The curves represent average or typical 
ditions with the exception of the two outer "very 
lines, which represent extremes. 


con- 
Sigabaven 


The large surface values of a, f 


BO we dS 
e 
do not decrease very rapidly with height. 
very stable conditions, 


or unstable conditions 
As in the case of 

the greatest lateral fluctuations during 

a very unstable thermal structure occur with very light winds. 

As a general rule, for a given insolation condition, increasing 

wind speeds are associated with profiles of oc, that tend toward 

neutral “stabrriucy: 


The majority of the trailers in the network recorded 


very light winds throughout the month. Therefore, the stability 


distributions had a predominance of high oe values 


and, hence, 
unstable classifications. 


Those trailers with the highest 


average winds (and fewest nearby obstacles to the flow) generally 


had the more reasonable and representative low-level stability 
elass distributions. 
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